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ABSTRACT 
Automotive shredder residue is a byproduct of the automotive recycling 
infrastructure and represents 15% of the overall weight of a vehicle.  The byproduct is 
currently diverted to landfill and although the potential for recycling exists, none are 
currently being utilized within Canada at this time. Consequently, the possibility of 
dismantling vehicle seats separately from the current vehicle dismantling process in order 
to remove a large portion of automotive shredder residue before the shredding process is 
investigated using an industrial engineering systems approach.   In order to understand 
the structural make-up of the vehicle a thorough disassembly was performed and all 
operations, part types, weights and material compositions were recorded.  Disassembly 
and dismantling times were calculated using time measurement studies and relationships 
were identified between process times and seat characteristics.  Using this relationship a 
heuristic complexity based model was developed that relates the product components and 
connections to the disassembly and dismantling times.  This model was then applied to 
develop a business model to determine the profitability of a vehicle seat dismantling 
facility. Issues such as government regulations, expenses and potential revenues are 
discussed to determine the economical viability of vehicle seat recycling.  
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Chapter 1 
INTRODUCTION 
1.1. General Overview 
Vehicle end-of-life management varies based on region because most countries and states 
do not have any type of governing body in place to regulate how End-of-Life Vehicles 
(ELVs) are handled and disposed of.  This often results in the improper disposal of ELVs 
and ELV parts that contain chemicals that are harmful to the environment.   
The ELV recycling industry, which is a profit driven business in Canada, only removes 
parts, assemblies, and fluids that are of value or require mandatory removal.   The 
remainder of the ELV is sent through a shredder which breaks up the ELV into a mixture 
of ferrous metals, non-ferrous metals and non-metallic materials.  The non-metallic 
material contains a mixture of plastics, rubber, glass, textiles and carpeting, ceramics, 
paper and any other types of non-metal materials that were in the ELV prior to shredding.  
This mixture is known as shredder residue (SR) and is a by-product, or waste, of the 
shredding process.  Although technologies do exist to separate SR, none have been 
commercially proven.  Therefore this mixture, which represents approximately 15% of 
ELVs weight, is sent to landfill (Sawyer-Beaulieu & Tam, 2008)(Staudinger & Keoleian, 
2001).  
Proactive legislation changes have been created to prevent such a large percentage of 
ELVs from being sent to landfill.  The European Union (EU) was the first, in 2000, to 
enact such a document; the EU must now work towards their goal of 95% by an average 
weight per vehicle and year to be diverted from landfill by the year 2015(European 
Commission, 2000).   Other countries are also pursuing this type of aggressive goal 
setting.  Ontario is in the process of approving their own type of ELV management 
practices and guidelines that will prevent automotive recyclers from sending SR to 
landfill (Ministry of the Environment of the Province of Ontario, Canada, 2008).  The 
problem arises whether Canadian automotive recyclers can attain goals similar to those 
outlined for the European Union when assessing the situation as a whole. 
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A major issue that is plaguing Canadian and EU dismantlers alike is the implications of 
plastic recycling.  There are associated labour costs for removing and sorting plastic 
components, which are compounded with improper plastic resin labeling, 
incompatibilities with various plastics, and the competitive price for virgin material.  
These issues are to date unresolved and have proven to have exasperated any efforts in 
developing an effective automotive plastic recycling industry.  As the EU achieves 
recycling rates closer to the 95% mark, the plastic recycling challenge will begin to play a 
key role in their success of achieving this target, as plastics compose almost 7% of a 
vehicles overall weight and 48% of the SR (Staudinger et. al, 2001).  The recycling of 
plastics may require government support for the development and sustaining of 
businesses.  Tax breaks for plastic recycling companies, or imposed taxes on new vehicle 
owners could be imposed to supplement the associated difficulties and incurred expenses 
as was done in Ontario to help facilitate the recycling of used tires. 
With the attempt to increase the percentage of plastic content in vehicles that is being 
recycled, vehicle seats were chosen to be thoroughly analyzed as a case study.  A systems 
engineering approach was applied to determine the potential for recycling vehicle seats 
regardless of the fate of the plastic recycling industry.  A thorough understanding was 
first required of vehicle seat’s material composition, material interfaces, components, 
component weights and manufacturing operations before such a study could be 
completed. The tools that were utilized in this analysis include: 
− A stakeholder analysis to assess each involved party in the vehicle recycling 
industry and their associated functions 
− Benchmarking of a vehicle seat assembly facility and dismantlers 
− An overall process IDEF0 model of the vehicle recycling industry 
− Conducting a physical teardown of three vehicle seats circa 2000 
− Generating a simulation of a vehicle seat recyclers to determine their associated 
costs and revenues 
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The physical teardown resulted in an understanding of the material configurations as well 
as MOST (Maynard Operation Sequence Technique) times that represent both the time to 
disassemble and dismantle a vehicle seat.  In dismantling, dissimilar material types are 
removed from one another in a sometimes destructive manner, whereas disassembly fully 
separates all components while also maintaining their structural integrity.  The distinction 
between disassembly and dismantling operations is drawn using examples from the 
disassembled vehicle seats.  The major difference was found to lie with the material 
connections and interfaces between components.  In dismantling, if two materials are to 
be diverted in the same recycling stream they can remain connected; otherwise, they 
require separation.  The difference found between disassembly and dismantling times can 
range between 0 to 62% as explained in detail in section 5.3.  
The wide range of differences found between the disassembly and dismantling times 
prompted an investigation to determine a relationship between the product’s complexity 
and the observed disassembly and dismantling times.  After a thorough review of various 
complexity measures, none were found to be directly applicable to the dismantling 
operation and none related complexity to process times.  As a whole, they were found to 
require data that was not obtainable for the vehicle seats and seemed too intricate for the 
given application.  Several heuristic complexity models were found to have components 
that were chosen to be integrated into the developed model, including a difficulty level 
normalizing calculation (Cooper, et. al, 1992), a compression factor, and a diversity 
factor (ElMaraghy & Urbanic, 2003). 
The developed model was found to predict disassembly and dismantling times with a 
90% accuracy rate. A case study was subsequently conducted to determine the accuracy 
in estimating the number of components and connections that cannot be counted through 
a visual inspection.  It was found that the accuracy of the estimation is dependent on the 
knowledge of the user performing the visual inspection and miscounting components 
could result in skewed estimated process times.   
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The feasibility of recycling vehicle seats was determined by applying the calculated 
MOST time for dismantling the vehicle seats to a business scenario equivalent to a 
vehicle dismantler.  Dismantling times were used opposed to disassembly because the 
structural integrity of the vehicle seat does not have to be maintained to recycle the 
material components.  Business assumptions were made, distinguishing the integral 
assumption that the vehicle dismantlers will willingly donate vehicle seats as a result of 
implemented government mandates that impose recycling rates and penalty fees. 
Considering the vehicle seat that is the least profitable (i.e. recovers the least amount of 
ferrous metal per minute) the business model proves to be marginally successful.  
Changing the model to consider the other disassembled vehicle seats, the profitability of 
the model drastically increases to excess of $125,000 annually.  The model to predict 
disassembly and dismantling times is used to predict the dismantling times for all vehicle 
segments that are currently driven on Canadian roads.  Using statistics from the vehicles 
purchased in 2006, the number of vehicles retired is accordingly calculated.  With this 
data, a real-life scenario is determined to be even more successful than previous 
assessments. 
The impending addition of polyurethane (PU) foam was estimated to increase revenues 
by up to 44%.   This extension is noted to be reliant on the possibilities of used PU to be 
accepted at a facility that typically remanufacturers excess PU from the molding process.  
The remainder of the plastics in the vehicle would also need a channel to be recycled 
through, and considering that the business model is dependent on recycling mandates, 
this aspect is crucial.  The assumptions that were made through the business model prove 
to show that if required, a vehicle seat could be dismantled without incurring a direct cost 
to dismantlers.  In the event that the ELV management lifecycle requires vehicle seats to 
be dismantled, all assumptions would remain predominantly the same with only changes 
being required to the data. 
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1.2. Objectives of Research 
The objectives of the research are as follows: 
1. Develop an understanding of the contribution vehicle seats make to the amount of 
SR that is created through the shredding process. 
2. Develop an understanding of the similarities and differences in vehicle seat 
designs to effectively determine the disassembly and dismantling costs and 
process times. 
3. Develop a method to estimate the amount of time it would take a seat to be 
disassembled or dismantling based on the number of components and connections 
present in the seat. 
4. Determine if it is economically viable to operate a facility dedicated to 
dismantling vehicle seats. 
1.3. Organization of Research 
The research in this thesis is organized in the following chapters: 
1. Introduction 
2. Review of literature involving the activities that occur at the end of a vehicle’s 
useful life, the role the government plays in this process, and the difficulties faced 
in recycling plastics 
3. Benchmarking of the vehicle seat assembly process 
4. Physical teardown of three selected vehicle’s seats 
5. Analysis of the findings of the tear down, complexity analysis of the vehicle’s 
seats design and model to estimate disassembly and dismantling times 
6. Business model developed for a vehicle seat dismantling facility 
7. Conclusions and future research 
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CHAPTER 2 
REVIEW OF LITERATURE 
2.1. Scope of Recycling in Ontario 
The ELV management systems are investigated within Canada, with the majority of work 
relevant to Ontario.  The automotive recycling industry in Ontario cannot be described 
without fully defining all the actors involved; their roles and responsibilities; and the 
interactions between actors. 
 
Figure 1 Framework of ELV management process within Ontario 
− OARA (Ontario Automotive Recyclers Association) acts as the voice of the 
automotive recycling industry (dismantlers and shredders) and represents them to 
both the government and public.  OARA also helps keep the automotive recycling 
industry up-to-date on current industry trend and government initiatives.  All 
provinces within Canada have similar representative bodies and without such 
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organizations it would be nearly impossible for recyclers to interact with the 
public as most recycling companies are relatively small private operations. 
− MOE (Ministry of Environment of the Province of Ontario) is a government 
ministry that has many divisions responsible for environmental protection. The 
main roles of MOE are to act as the guardian of public interest, carry out 
enforcement and lead/approve environmental protection programs. 
− Vehicle producers range from a variety of manufacturers present within Canada.  
Manufacturers typically design vehicles in the most economically viable way.  
Presently little time is spent on ELV management planning and coordination with 
recyclers. 
− Vehicle owners can change multiple times throughout a vehicle’s useful life.  The 
owner’s environmental knowledge will determine how the vehicle is to be 
discarded at the end of its life.  
The interactions between all actors in the system can depend on the roles and 
responsibilities of the actors.  MOE holds the power to create legislation that would 
govern how the vehicle producers and recyclers operate; as a result MOE has great 
influence on the whole process.  In turn, vehicle producers and recyclers need to let MOE 
know what challenges they are facing, and what goals are attainable.  Unlike vehicle 
producers, recyclers do not have the capacity to represent themselves to MOE because 
they are primarily smaller, family-run business.   OARA therefore exists to act on behalf 
of all recyclers and is responsible for pressuring MOE while also ensuring that the public 
(or vehicle owners) are aware of what is going on in the automotive recycling industry.    
The problem in the framework exists with the lack of communication between the vehicle 
producers and recyclers.  The EU Directive has a good strategy to encourage vehicle 
producers to inform recyclers of their vehicles by requiring each producer to make 
available dismantling instructions and guidelines.  This does not however present a way 
for recyclers to promote their ideas to vehicle producers.  Good communication may not 
be possible given the current automotive recycling infrastructure; however improvements 
can be made to the current infrastructure to increase the efficiency of recycling. 
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2.2. End-of-Life Vehicle Management 
There are many different explanations as to why a vehicle reaches its end-of-life and 
typically this is when a vehicle’s value approaches zero; these reasons can be 
summarized into the following (Staudinger & Keoleian, 2001): 
− Loss of structural or mechanical integrity through corrosion or accident 
− Poor reliability of parts and components 
− Degraded performance 
 
Figure 2 Typical vehicle life cycle (purple identifies the end-of-life activities) 
The decision for an owner to permanently retire their vehicle tends to be a balancing act 
between the investments of additional resources to return the car to working order and the 
cost of replacement (i.e. purchasing new vehicle).   Once the value required to repair the 
vehicle exceeds the value of the vehicle, most owners opt to retire. In cases of accidents 
however this decision then becomes that of the insurance company.  Once the 
owner/insurance company has made this decision, they must decide what channel to 
Vehicl Useful 
Life
Dismantler
ShredderMetal & 
Plastic
Material 
Processing
Vehicle 
Design & 
Manufacture
Direct Reuse 
Parts that require 
special disposal 
are removed 
SR sent to 
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recycling 
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direct their ELV.  Only 94% of ELVs are recycled while the remaining 6% are thought to 
be abandoned in remote or hard-to-reach places (AAMA, 1997).  Other vehicles that do 
not reach the ELV phase may be stored indefinitely by the owners; stolen and processed 
for parts; or maintained in working condition indefinitely (i.e. classic/antique cars 
(Staudinger & Keoleian, 2001). 
Figure 2 represents the typical vehicle life cycle.  Materials that are recovered from the 
ELV recycling process can be redirected either back into the vehicle life cycle (closed-
loop recycling) or into other industries (open-loop recycling). 
2.2.1. Dismantling 
Automotive dismantlers can fall into either of the following categories: 
1. High-value parts dismantlers that typically operate on a high volume turnover 
basis and salvage parts for resale or remanufacturing. 
2. Traditional salvage yards or junk yards that typically require customers to 
recover parts themselves and operate on a slow volume turnover basis. 
Automotive dismantling can be described as a process in which automotive parts, 
materials and assemblies are removed for direct reuse, remanufacturing, recycling, and 
disposal.  The removal of these parts can sometimes be semi-destructive, where the parts 
of no value are sacrificed for the removal of a valuable part.  Dismantling must not be 
confused with disassembly, which is the reversed process of assembly.   
Both types of dismantlers will evaluate an ELV based on their make, model, model year, 
physical condition, value, demand for specific automotive parts and their current 
inventories (Sawyer-Beaulieu & Tam, 2008)(Gold, 2010).  These ELVs are then 
categorized into either “late-model” or “early-model” ELVs.  “Late-model” vehicles are 
those newer vehicles retired due to write-offs and typically have maximum parts 
recovered; whereas, “early-model” vehicles are those older vehicles mainly retired due to 
old age or write-offs. 
Despite how well developed the ELV management industry is in Canada, it is still 
lacking operational guidelines to regulate dismantlers.  Due to the fact that dismantlers 
currently are not regulated and most are small independent businesses, there tends to be a 
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wide variation in practices from region to region. There are organizations such as OARA 
that give certifications to recyclers that comply with set standards and practices; however 
there is nothing in place to stop dismantlers that are not certified from operating. 
 
Figure 3 IDEF0 model outlining the automotive dismantling process adapted from (Sheppard, 1998) 
and (Gold, 2010) 
Figure 3 outlines the automotive dismantling process’s inputs, outputs, controls and 
mechanisms in the form of an IDEF0 diagram.  This process will be described in 
sequential order, using the figure as a reference. 
ELVs come to a dismantler through three primary sources (Sheppard, 1998):  
1. Private individuals who sell their vehicle to the dismantler 
2. Independent truck drivers who purchase vehicles for resale to dismantlers 
3. Vehicles received through charitable donations 
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Figure 4 Elevated fluid draining station at Standard Auto Wreckers 
In Ontario, dismantlers are required to remove components and fluids that are harmful to 
the environment (RCO, 1999).  Automotive shredders also require the removal of certain 
components and fluids to prevent fires, explosions and damage to their equipment.  
Fluids are typically removed while elevated so operators can visually see where cuts need 
to be made to drain the vehicle.  Standard Auto Wreckers, which can be classified as a 
high value parts dismantler, also employ hydraulics that tilt the vehicle to ensure that the 
maximum amounts of fluids are recovered (Gold, 2010).   
The following components and fluids removal are mandatory from all vehicles (RCO, 
1999):  
− Fluids/refrigerants (Sheppard, 1998) 
o Engine coolant, engine oil, transmission oil, differential gear oil, power 
steering fluid, brake fluid, and windshield washer fluid are recycled 
o Air conditioning Freon recovered for reuse or destroyed 
o Fuel recovered for reuse 
− Mercury switches (recycled by authorized recycler) 
− Gas tanks (steel tanks are flattened and recycled; plastic tanks are disposed of in 
landfills) 
− Tires (reused, burned for energy recovery, exported or stockpiled) 
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− Batteries ( reused or sent to a lead-acid battery recycler for recycling) 
ELVs are then dismantled to remove parts for direct reuse and for remanufacturing.  The 
parts that are removed are based on trends observed in market demand, recent sales and 
existing parts in inventory.  Assemblies that are traditionally removed for 
remanufacturing as cited by Johnson and Wang (2002) include: 
− Air 
− Conditioner compressor 
− Alternator 
− Brake booster 
− Starter 
− Engine 
− Transmission 
− Heat box assembly blower motor 
− Power steering pump 
− Cooling fan shroud assembly 
− Windshield wiper motor 
− Electronic control unit (ECU) 
Remanufacturing does not currently represent a large portion of the ELV management 
process in Ontario as a result of lower cost of remanufacturing in Asia; as a result, many 
remanufacturing facilities have shut down in past years (Gold, 2010).  Therefore 
dismantlers in Ontario focus primarily on reuse and recycling of ELVs parts and 
assemblies.   
If not removed for remanufacture/resale, the engine, transmission and radiator are 
removed to be recycled independently of the ELV.  This is because dismantlers can 
typically get more money for metal-rich materials that are shredded separately from the 
ELV (Gold, 2010).  Finally, the ELV is crushed into a more compact unit for storage 
until it is sent for shredding. 
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2.2.2. Shredding 
Shredding involves the mechanical processing of ELV hulks and other metal-rich scrap 
materials using a hammer-mill.  The metal-rich products that can be sent through a 
shredder include (Sawyer-Beaulieu & Tam, 2005): 
− ELV parts 
− End-of-life appliances or white goods (refrigerators, washers, dryers, dishwashers, 
air conditioners, stoves, furnaces, microwave ovens, hot water heaters, freezers, 
space heaters, bath tubs, dehumidifiers, range hoods, sinks, etc.) 
− Building demolition wastes (light fixtures, roofing, siding, guttering, trims, 
HVAC components, etc.) 
− Oversize sheet steel scrap from manufacturing operations 
Water is typically added to the shredder to decrease the frictional heat produced by the 
process thus preventing: mill fires, generation of oil fumes or mist and increased wear of 
the mill. The amount of water used throughout the process defines whether it is “dry 
shredding” or “wet shredding” operation.  Wet shredding completely immerses the 
process in water and can prevent air emissions; while dry shredding uses enough water to 
keep fires in check, while not requiring the drying of discharged materials.   
These materials can then be separated into one of three categories using material 
separation technologies: 
1. Ferrous metals are any type of metal alloy that contains iron (typically steel) and 
are all magnetic. The ferrous material that is recovered from the shredding 
process can generally be sent directly to steel mills to be used as alternative feed 
stock because it contains a minimal amount of impurities (<1%)(Staudinger & 
Keoleian, 2001).   
2. Non-ferrous metals are metals that do not contain any iron and are not magnetic 
(i.e. aluminum, brass, copper, lead, magnesium, nickel, stainless steel and zinc). 
Non-ferrous metals typically require additional processing and treatment to be 
sorted into individual metals.   
3. SR consists of a combination of plastic, glass, rubber, textiles and carpeting, 
ceramics, paper, and any other non-metal material sent through the shredder. 
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The shredder’s feed material is often of concern for shredder operators. This is why 
dismantlers are required to remove certain components and fluids as previously 
discussed.  If any type of hazardous material enters the shredder the quality of the ferrous 
metal, non-ferrous metal and SR can often be compromised; however the most significant 
concern is the SR.  Once SR has been contaminated it becomes a hazardous waste, and 
must be disposed of accordingly which increases costs of disposal. 
The ferrous metal portion of the shredder output is sent directly to steel mills and is 
separated using magnetic separation technologies.  The non-ferrous metals and non-
metallic materials are processed again typically using an eddy current separator however 
this process is not as accurate as the separation of ferrous metals; other techniques can 
also be used such as screening and air classifications.  Figure 5 identifies the material 
separation techniques and flow of materials through the process. 
It should be noted that SR is developed at two times throughout the process (Staudinger 
& Keoleian, 2001): 
1. “Light” SR: Generated when the nonferrous materials are separated into metal 
and non-metal streams using the air classification process.  This portion contains a 
larger portion of lighter materials like plastics and rubber. 
2. “Heavy” SR: Generated when the non-ferrous metals are processed to separate 
into various metal streams.  This portion typically contains heavier materials such 
as glass and metal fines. 
2.2.3.  Material Separation 
While shredding creates a way for ELVs to be recycled, this effort is hindered by the 
generation of SR which is considered a waste product and is sent directly to landfill.  
Although there are solutions to SR, they are predominantly focused on post-shredding 
and most have not been proven commercially successful.  An alternative approach is to 
optimize dismantling prior to shredding while focusing on reducing SR volumes, 
increasing material recovery and reducing contaminants.  Increasing pressures on the 
automotive recycling industry to increase the percentage of vehicles being recycled 
makes SR, representing 14% (Staudinger & Keoleian, 2001) of an ELV’s total weight, an 
increasing issue of concern. 
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Figure 5 Process flow of shredder operation and material separation adapted from (Sawyer-
Beaulieu, 2010) and (Staudinger & Keoleian, 2001) 
2.3. Government Roles in ELV Management 
As discussed earlier, the ELV management system lacks regulations and controls in 
Canada; however, governments are developing guidelines for automotive recyclers to 
follow.  Governments tend to approach the ELV management systems using an EPR 
(Extended Producer Responsibility) approach.  EPR makes the original manufacturer 
responsible for the end-of-life management costs; by doing this it promotes 
manufacturers to increase the recyclability, reduce the wastes and toxicity, and allow for 
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easier reuse and remanufacturing of their products.  While some governments opt for full 
EPR, others tend to lean toward shared responsibility between the manufacturers and 
government.  The EU Directive 2000/53/EC which has been in place since 2000 is 
described in detail along with the WDA 2002 Review of Ontario which is currently in the 
process of approval by the MOE. 
2.3.1. Directive 2000/53/EC of the EU on End-of-Life Vehicles 
This EU Directive on ELVs is the most progressive government movement to prevent 
waste from vehicles from reaching landfill and promoting the reuse, recycling and other 
forms of recovery of ELVs and their components.  The Directive was put in place by the 
EU in September 2000 and acts as a guide for Member States to achieve a more 
sustainable ELV management system.  The Directive classifies vehicles as any type of 
motor vehicle (including their spare/replacement parts) that: (1) Transports less than 8 
people (2) A cargo-vehicle’s mass does not exceed 3.5 tons, or (3) Two or three wheeled 
motor vehicles excluding motor tricycles(European Commission, 2000).  The makers (or 
importers) of these types of vehicles are made financially responsible for the vehicle’s 
end-of-life management.  The last owner of the vehicle is required to continue paying 
vehicle registration fees until they provide a ‘Certificate of Destruction’ from the 
dismantler to ensure that vehicles are not abandoned. 
The Directive addresses how ELVs should be handled by the dismantler by specifying 
the minimum technical requirements for treatment.  These technical requirements express 
the environment vehicles should be stored and treated, what components and fluids 
should be removed (i.e. hazardous materials and fluids), and how to increase 
recyclability.  
Producers not only have the responsibility of bearing the cost of end-of-life management 
for their products, but they also have to cover costs of transporting the ELVs that are not 
in working condition to the dismantler.  In addition to these costs, the producers are also 
responsible for providing dismantling information to the dismantlers, ensure vehicles are 
designed and manufactured in a way to allow reuse, recycling and recovery targets to be 
met, and use component and material coding standards. 
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Recycling targets were strategically set to ensure that all Member States could achieve 
them and are as follows (European Commission, 2000): 
(a) No later than 1 January 2006, for all end-of life vehicles, the reuse and recovery 
shall be increased to a minimum of 85 % by an average weight per vehicle and 
year. Within the same time limit the reuse and recycling shall be increased to a 
minimum of 80 % by an average weight per vehicle and year; for vehicles 
produced before 1 January 1980, Member States may lay down lower targets, but 
not lower than 75 % for reuse and recovery and not lower than 70 % for reuse and 
recycling. 
(b) No later than 1 January 2015, for all end-of life vehicles, the reuse and recovery 
shall be increased to a minimum of 95 % by an average weight per vehicle and 
year. Within the same time limit, the re-use and recycling shall be increased to a 
minimum of 85 % by an average weight per vehicle and year. 
Most Member States and producers have experienced significant difficulties in 
implementing this Directive and the Commission has taken legal action against most of 
the EU-151
2.3.2. Waste Diversion Act 2002 (Canada) 
.  The Directive does require additional procedures than were not previously 
performed which results in extra costs in dismantling.  It is believed by the EU that these 
obstacles can be overcome with sufficient time, effort and resources. 
The Waste Diversion Act (WDA), 2002 is Ontario’s main legislation to promote the 
reduction, reuse and recycling of waste through the development, implementation and 
operation of waste diversion programs (Ministry of the Environment of the Province of 
Ontario, Canada, 2008). In October 2008 the Ministry MOE began a public dialogue on 
how to achieve greater waste diversion and to explore EPR as the foundation for 
Ontario’s waste diversion while working towards a zero waste society (Ministry of the 
Environment of the Province of Ontario, Canada, 2009). 
                                                            
1 EU-15: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, the 
Netherlands, Portugal, Spain, Sweden and the United Kingdom. 
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Waste diversion can be defined as any act that prevents waste from reaching landfill.  
WDA more specifically defines waste diversion as (Ministry of the Environment of the 
Province of Ontario, Canada, 2009): 
− Diversion will continue to be reduce, reuse and recycle 
− The material value recovered and preserved from all processes and technologies 
will be counted as diversion 
− Burning waste without recovering material for reuse will not be counted as 
diversion 
The WDA focuses on EPR as the main driver of their legislation, with the idea that 
putting producers in charge of their products’ end of life management will force design 
changes to reduce recycling costs. Ontario was considering implementing a shared 
responsibility EPR program at the early stages of the WDA however full EPR was 
decided upon in order to shift the cost from municipal taxpayers and businesses to the 
producer.  Other benefits of full EPR include increased creativity, competition among 
producers, and more efficient waste collection. 
The current recycling rate within residential areas is 39% whereas the IC&I (Industrial 
Commercial and Institutional) sector is only 12%.  The WDA therefore plans to 
strengthen diversion rates within the IC&I sectors through the use of economic incentives 
and waste audits.  IC&I facilities include a wide variety of establishments including small 
family businesses, factories, schools and malls. A problem in Ontario is that it is often 
cheaper to send waste to landfill than diversion.  The WDA proposes a disposal levy be 
implemented to make it more economical for businesses to recycle; the disposal levy 
revenues would then be used to promote waste diversion.  Larger sized IC&I facilities 
will also be required to prepare waste audits and develop waste reduction plans.  The 
success of the WDA will be attained through setting achievable goals for the province 
and the plans has not yet been finalized as the government is currently seeking 
stakeholder’s opinions of the set targets.   
While this legislation change is currently broad in context, it does address ELVs.  ELVs 
are planned to be incorporated into the WDA 2002 in the long term horizon, or five years 
from its start date (see Figure 6).  The document currently does not address a specific 
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target in terms of percentage of recycling however it is implied that the whole vehicle 
must be diverted from landfill (i.e. 100%).  For the components present in a vehicle that 
cannot be recycled or remanufactured, it is assumed that there will be an approved 
disposal process. 
 
Figure 6 WDA 2002 schedule of items to be included (Short term=2 years; medium term= 3 to 4 
years; long term= 5 years) 
Overall, the goal of the WDA is to help shift society’s thinking that waste does not have 
any value; materials such as wood, glass and metals do have value, especially considering 
the amount of energy saved eliminating raw material extraction.  Through these changes 
Ontario could eventually become a zero (or almost zero) waste society by making the 
waste of one product the output of another.    
2.4. Plastic Recycling 
Plastic contributes the highest percentage of SR, at 48%, and represents 6.72% of the 
vehicle’s total weight (Staudinger & Keoleian, 2001); therefore the focus will 
consequently be on how to reduce the plastic content in vehicles.  Currently, there are 
many reasons as to why an automotive plastic recycling industry has not been successful, 
including (Duval & MacLean, 2007): 
− Lack of government recycling policies 
− Negligible landfill tipping fees in many regions (i.e. it is cheaper to dispose of SR 
in landfill sites than to recycle) 
− Competitively priced virgin resin (low petroleum prices) 
− Inadequate labeling and sorting technologies 
Short Term
IC&I Packaging and Paper
Waste Electronic and Electrical 
Equipment (Phase 3).
Construction/Demolition Material
Medium Term
Bulky Items (i.e. 
furniture and 
mattresses)
Long Term
Vehicles
Branded Organics
Small Household 
Items (i.e. toys)
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− Concerns with plastic efficacy and appearance 
Many plastics are also incompatible which requires them to be separated however once 
the plastics have gone through shredding operations.  The only types of separation that 
can currently be done are either manual or fluid based.  Manually sorting plastics is not 
possible in Canada due to the high labour costs; however, is still done is some developing 
countries.   Fluid based separation is done using a fluid to separate two polymers based 
on their density (Coulter et. al, 1996) but if two polymers have the same density, their 
separation is not possible. 
Effective separation must therefore be done at the dismantlers, but even they are often 
unable to identify and differentiate between the large quantities of different plastic types 
in a vehicle.  ISO 1043 (and related SAE J1344) are standards that govern marking of 
parts and can greatly facilitate identification and sorting.  ISO 1043 standards only states 
that parts heavier than 100 grams (0.22 lb.) be marked and that letters should be at least 3 
mm high.  Manual sorting requires visual identification which, with these labeling 
standards, is ineffective. 
Additionally, for automotive recyclers to begin recycling plastics, they must have a 
market to sell recycled plastic to.  Once the business is proven to be profitable better 
separation techniques will be developed.  In order for this to occur there needs to be a 
change in the automotive life cycle (as identified in Figure 2) and this could occur at any 
stage of the life cycle.  For instance, at the dismantling stage, plastic components could 
be removed and sold to businesses that use these components to manufacture their 
products.  If better plastic recycling does not develop or is not possible, government 
funding could help prompt businesses to develop that create ‘green’ alternative consumer 
products.  The development of these businesses could be funded through government 
support programs like the Used Tire Program. 
The Used Tire Program was developed by the OTS (Ontario Tire Stewardship), is 
industry funded and is designed to collect and recycle used tires in Canada.  It works by 
charging a Tire Stewardship Fee on every tire that is sold within Ontario to handle the 
end-of-life management costs.  At their end-of-life, these tires can then be deposited at 
registered collection locations across Ontario.  OTS currently pays the collectors $0.88 
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per tire (Gold, 2010); however, this value could change at any time.  These tires are then 
directed to businesses that reuse or recycle the tires into new materials that have the 
following applications (OTS, 2010): 
1. Crumb Rubber is recycled from scrap tires’ rubber (steel and fluff is removed) 
and is processed into a granular consistency much like small gravel.  The particles 
are then classified based on their colour and size.  The majority of scrap tires are 
recycled into crumb rubber that can be used in many applications including: 
− Playgrounds as a sand substitute  
− Landscaping as a mulch substitute  
− Raw materials for molded products such as engine components, 
subflooring, and mouse pads 
− Added to asphalt road mixture to make roads quieter, shed water better 
and last longer 
2. TDA (Tire Derived Aggregate) is an engineering product that requires tires to be 
cut into pieces that vary in size from 25 mm to 300 mm. TDA is typically used in 
civil engineering applications such as: sub grade fill and embankments, backfill 
for walls and bridge abutments, sub grade insulation for roads, landfill projects, 
and septic system drain fields, and can be a feed stock for crumb rubber 
producers. 
3. Fabricated Products that simply reuse cut tires as a new product.  For example, 
some tire cones are created from the sidewalls of tires, and the tread area of tires 
can be used to build blasting mats. 
Other options such as reuse and remanufacturing of plastic subassemblies could be 
plagued by obsolescence and high costs of disassembly.  There also tends to be less of a 
demand for subassemblies that are not mechanical and have low failure rates; which is 
the case for the majority of plastic subassemblies, but these possibilities will also be 
investigated.  A list of subassemblies that contain a high portion of plastic include 
(Coulter et. al, 1996) (Reuter et. al, 2004): 
− Exterior components including bumpers, grill, lights 
− Interior paneling  
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− Windows (both manual and automatic) assemblies 
− I/Ps including electronics 
− Seats 
2.5. Research Motivation 
Over time the ferrous metal within vehicles has been decreasing while the non-ferrous 
and plastic content has been increasing.  This has lead to vehicles that require more 
complicated recycling processes that are also more labour and energy intensive.  Over the 
past 20 years, the amount of ferrous metals has decreased about 10%, from 85% to 75% 
of the total vehicle weight (Coulter et. al, 1996).  The majority of the recycling profits are 
derived from the metal-rich content in vehicles and their high recyclability rates; ferrous 
and nonferrous metals shredding operations can recover approximately 95% of the 
materials (Sawyer-Beaulieu & Tam, 2008).  With these trends in material content 
increasing, vehicle recycling rates will continually decrease, as will the profits of 
automotive recyclers, until something is done to effectively address the increasing 
nonmetal content in vehicles. 
 
Figure 7 Pie chart of the mass flows of the ELV management process adapted from Staudinger et. al 
[2001] 
The mass flows of the ELV management process are shown in Figure 7.  The only 
component of this pie chart that does not currently have a system in place to correctly 
manage it is SR.  SR contains a combination of plastics, foam, rubber, glass, textiles and 
carpeting, ceramics, paper and any other types of non-metal materials that are present in 
the vehicle when shredding takes place.  Although some technologies exist to handle SR, 
none have been proven commercially successful in Canada (Sawyer-Beaulieu & Tam, 
2008) and as a result, SR is currently sent directly to landfill.  The increasing trend of 
Ferrous Metals, 
68%
Non-Ferrous 
Metals, 9%
SR, 14%
Fluids, 6%
Scrap Tires, 
2.50%
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movement towards government regulated recycling targets has created a need for 
research to find ways to address SR.  The goal of this research is to present opportunities 
to address ASR pre-shredding by removing those major contributors of SR at the 
dismantling stages. 
 
Figure 8 Composition of SR adapted from Staudinger et. al [2001] 
It was decided to investigate vehicle seats’ contributions to SR and the possibility of 
developing a recycling process to divert the nonmetals within the seats from landfill.  
Vehicle seats were chosen due to the assumption that they are a significant contributor to 
SR. In the past, the recycling of assemblies with high plastic content has been plagued by 
high disassembly costs and lack of market demand for materials. It is still however 
necessary to determine how much vehicle seats contribute to SR and how much it could 
potentially cost dismantlers in the event that recycling targets are put in place.  The 
development of markets for used PU foam and seat fabric could also become a reality 
through government support programs and the growing demand for green products.   
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CHAPTER 3 
INDUSTRIAL BENCHMARKING 
In order for the disassembly and dismantling processes to be fully understood, the process 
of assembly should be examined to analyze the product’s geometry, components, 
assemblies, and assembly techniques.  The facility chosen for the study was a facility in 
Orangeville, Ontario and will be referred to as XYZ for anonymity.  Company XYZ is a 
multi-industry company that focuses mostly on manufacturing parts for the automotive 
interiors, car seats, batteries, and climate control systems while also offering facility 
management services. The facility is a dedicated Tier-1 Chrysler supplier that supplies 
the automotive assembly plant in Brampton, Ontario with seats for their Chrysler 300, 
Dodge Charger, and Dodge Challenger and headliners.  The assembly plant is set up in a 
way to supply Chrysler with products utilizing both the JIT (Just-in-Time) and JIS (Just-
in-Sequence) manufacturing paradigms.  This enables Chrysler to sequence their 
assembly lines to install vehicle seats and headliners as they come off the truck from the 
facility. 
Quality at the facility is mainly measured by appearance and these defects are ideally 
identified before the assembly process.  Reworks are done on-site to both seat covers and 
foam using trade secret methods that could not be disclosed.  The reworks that are 
required on final assemblies are also carried out on-site; however, the difference must be 
distinguished between appearance and structural defects.  Anything that relates to the 
structural components of the seat, or safety buckles that could result in product failure 
requires a complete tear down in order to be reworked.  Seats are also subject to damages 
at the Chrysler assembly facility and as a result, Chrysler regularly sends back damaged 
seats.  These products are treated in the same manner as any internal quality defect and 
reworked accordingly. 
Product designs typically remain the same for a period of 4-5 years.  During this time 
slight adjustments may be done; however, the overall structure of the seats will remain 
the same.  The design of the seats is done independently by XYZ personnel.  This design 
process commences when internally when Chrysler decides to produce a new vehicle or 
new generation of vehicle.  Chrysler then proposes to XYZ the amount of allotted space 
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that is available within the vehicle for the seats and XYZ designs accordingly.  XYZ and 
Chrysler will go back and forth and produce multiple iterations of the design before 
committing to the final version.  Currently the designs for the three vehicles seats that are 
assembled at the facility are very modular in design and feature many similar components 
with the major differences being in detailing and final finishings. 
The assembly process at the XYZ facility, because of the JIT and JIS commitments to 
Chrysler, is initiated by the output of a WIP (work-in-process) ticket printed off at 
printers within the facility.  These printers are connected to the Chrysler facility and send 
requests as production begins on the final vehicle at their facility. The requests are sent to 
the beginning of the bucket seat line and to the beginning of the bench seat line; these 
requests are sent to the printers with enough of a gap in time that the seats will meet at 
the end, to be loaded together into the truck.  The assembly lines are all connected 
utilizing a conveyor system that loads the trucks for delivery.  Figure 9 represents the 
overall picture of the assembly lines at the XYZ facility and how the final seats are 
assembled and loaded into the truck to be sent to Chrysler. 
 
Figure 9 Simple overview of assembly line at XYZ facility 
The assembly of the front bucket style seats, which have a higher component and 
connection count in comparison to the bench seats, happens earlier on in the operation.  
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The first step in the process is assembling the foam, wire components (for heated seats), 
metal frame, and affixing the seat fabric (leather or cloth).   
For the bottom portion of the seats, the affixing is done utilizing hog rings (similar to 
staples) as shown in Figure 10.  An operator, through the use of a pneumatic hog ring gun 
fastens the material to the foam using approximately 3-4 rings on each side of the seat.  
Unlike the bottom portion of the seat, the upper portion is required to be fully covered 
and therefore requires a different assembly operation.  An operation called “skinning” is 
used which utilizes both a machine to stretch the material over the foam and an operator 
with a pneumatic hog ring gun to fix the material around the seams of the seat.  The seats 
that go through the “skinning” process require to be sent through heating ovens to relax 
the material after being stretched over the foam. 
 
Figure 10 Example of a hog ring 
Before the bucket seats upper and lower portions are affixed, they have a variety of small 
plastic components and accessories added to them, including the reclining levers, head 
rest adjusters, bolts covers, etc. When the bucket seat portions are attached it is done 
using pneumatic screw guns.  Machines are used to test the torques and angles used for 
the connection and recorded using bar codes; in parallel, the head rests are assembled. 
Using a plastic bag, the foam head cushion is shrunk and the material cover is easily put 
on by an operator.  Once finished the plastic bag (which is very thin) remains as an 
interface thus preventing the foam and material from squeaking.   The head rests are then 
installed on the bucket seats and pass through inspection.  The final step is the ironing of 
the material using robots which is done in a caged off area in the facility. 
At the other side of the facility, the assembly of the bench seats is taking place.  One line 
is dedicated to the upper portion of the seat and another for the lower portion. A similar 
operation to the “skinning” process is utilized to get the fabric onto the upper portion of 
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the bench seat.  Whereas the lower portion of the seat only requires an operator, with a 
pneumatic hog ring gun, to affix the visible portion of the material to the foam and clip 
the material in place at the bottom, non-visible, side of the seat. 
Seats are finally positioned on a rack that is sent directly to Chrysler.  The rack also has 
an attached hammock that is raised to place the back seats onto the front seats and 
everything is scanned to ensure that all correct parts are included in the package.  Seat 
packages are then put into the truck in sequence via the conveyor system.  
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CHAPTER 4 
DESIGN METHODOLOGY 
Prior to determining if recycling vehicle seats prior to the shredding process is 
economically viable, the variety of seats that would be encountered in such an operation 
must be understood.  In order to accomplish this, three different vehicle segment types 
were chosen from the same manufacturer.  The hypothesis behind this decision was that 
if similarities were shown between different vehicles from the same model year and 
manufacturer then there may also be similar designs utilized across vehicle manufacturers 
and a standardized process could be developed.  A small and large passenger vehicle and 
minivan were chosen for the study to get an understanding of the difference in seat design 
between vehicle segments. 
The vehicles chosen for the study include: 
1. 2001 Dodge Neon 
2. 2001 Dodge Intrepid 
3. 2001 Dodge Caravan 
The seats from these vehicles were donated by a local dismantler and were already 
removed from the vehicle prior to this research.  The study therefore does not incorporate 
the removal of the seats from the vehicle or any of the bolts or assemblies used to attach 
the seat to the vehicle frame.  In order to understand the structural make-up of the vehicle 
a thorough disassembly was performed and all operations, part types, weights and 
material compositions were recorded.  The physical make-up of the vehicle is stated 
below: 
4.1. 2001 Dodge Neon 
The 2001 Dodge Neon is a compact front wheel drive vehicle which comes both in a 2 
and 4 door model.  This Neon represents the second generation of the vehicle which was 
produced from 2000 until 2005. 
− MSRP: $14,555  
− Engine size: 2.0L 132 hp I4 
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− MPG City/Highway: 27/33 (8.71-7.13 L/100km) 
− Curb Weight: 2627.9 lbs (1,192 kg) 
− Vehicle Length: 174.4 inches (4.43 m) 
− Vehicle Width: 67.4 inches (1.71 m) 
The seats in the Neon were typical seats that you would find in any vehicle.  Two bucket 
styled seats in the front that have the ability to recline and slide laterally with respect to 
the dashboard.  The seats in the back are bench style and are built right into the frame of 
the vehicle.  These seats have the ability to fold down to provide access to the trunk of 
the vehicle.  The seats fold down in two portions; therefore there are three separate 
components that make up the upper portion of the back seat: (1) The frame, (2) The right 
portion, and (3) The left portion.  The results of the study are summarized in Figure 11, 
Table 1 and Table 2. 
 
Figure 11 Pie chart of the percentage of materials present in each type of seat for the Neon 
The components of the bucket style front seats: 
− Two connecting joints that connect that top portion of the seat to the bottom on 
either side (attached seat belt) 
− Upper portion of seat 
o Metal frame 
o PU foam (not molded on frame)  
o Material fabric 
o Head rest (made up of fabric, PU foam molded onto metal frame) 
− Lower portion of seat 
Metals
73%
Fabric
9%
Foam
16%
Plastic
2%
Bucket Seat
Metals
23%
Fabric
17%Foam
24%
Plastic
36%
Bench Seat
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o One side panel for aesthetics 
o One lever to enable the seat to recline 
o One seat belt buckle attached to the seat connecting joint 
o Tracking system that enables seat to and slide laterally with respect to the 
dashboard 
o Metal frame 
o PU foam (not molded on frame) 
o Material fabric 
The components of the bench rear seats: 
− Top portion of bench seat 
o Frame 
 Right and left mounting bracket that allows the seat to be folded down 
 Bolts connecting frame to right and left portions of seat 
 Cushioning on frame 
 Plastic frame structure 
 Material fabric covering frame 
o Right portion of seat 
 Material fabric 
 PU foam (not molded on frame) 
 Plastic frame 
 Bracket that connects seat to frame  
 Head rest connecting bracket 
 Head rest (made up of fabric, PU foam molded onto metal frame) 
o Left portion of seat 
 All components that are included in right portion of seat 
 Bracket that pulls chair down with cloth pulley 
− Lower portion of bench seat 
o Material fabric connected to frame with hog rings 
o Foam with inlayed frame 
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Table 1 Material composition of 2001 Dodge Neon 
  Part Information Weights of Parts & Materials (g) 
 
Part 
Type Assembly Overall Metals Fabric Foam Plastic Other 
20
01
 D
od
ge
 N
eo
n 
Driver 
Seat 
Driver seat upper  5,911 4,111 800 1,000 0 0 
-Head rest 700 367 96 200 37 0 
Driver seat lower  9,509 7,197 600 1,400 312 0 
Total 16,120 11,675 1,496 2,600 349 0 
Pass. 
Seat 
Driver seat upper  5,616 4,016 600 1,000 0 0 
-Head rest 700 367 96 200 37 0 
Driver seat lower  9,004 6,793 500 1,400 311 0 
Total 15,320 11,176 1,196 2,600 348 0 
Back 
Seat 
(bench) 
Bench upper  4,853 801 1,000 52 3,000 0 
Bench upper left  2,654 644 410 400 1,200 0 
-Head Rest 893 560 96 200 37 0 
Bench upper right  3,736 326 610 800 2,000 0 
-Head Rest 893 560 96 200 37 0 
Bench seat lower  4,417 1,017 800 2,600 0 0 
Total 17,446 3,908 3,012 4,252 6,274 0 
GRAND TOTAL 48,886 26,759 5,704 9,452 6,971 0 
Table 2 Material composition percentages of 2001 Dodge Neon  
  Part Information 
Percent Weight of 
Part 
Percent Weight of Complete 
Vehicle, With Fluids 
  
Part 
Type Assembly Metals 
Non-
Metals Part Metals 
Non-
Metals 
20
01
 D
od
ge
 N
eo
n 
Driver 
Seat 
Driver seat upper  69.55% 30.45% 
1.35% 0.98% 0.37% 
-Head rest 52.43% 47.57% 
Driver seat lower  75.69% 24.31% 
Total 72.43% 27.57% 
Pass. 
Seat 
Driver seat upper  71.51% 28.49% 
1.29% 0.94% 0.35% 
-Head rest 52.43% 47.57% 
Driver seat lower  75.44% 24.56% 
Total 72.95% 27.05% 
Back 
Seat 
(bench) 
Bench seat upper  16.51% 83.49% 
1.46% 0.33% 1.14% 
Bench seat upper left  24.27% 75.73% 
-Head Rest 62.71% 37.29% 
Bench seat upper right  8.73% 91.27% 
-Head Rest 62.71% 37.29% 
Bench seat lower  23.02% 76.98% 
Total 22.40% 77.59% 
GRAND TOTAL 54.74% 45.26% 4.10% 2.25% 1.86% 
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4.2. 2001 Dodge Intrepid 
The 2001 Dodge Intrepid is a large, four door, full size, front wheel drive sedan that was 
produced from 1993-2004.   This Intrepid represents the second generation of the vehicle 
was produced from 1998 until 2004. 
− MSRP: $22,605 
− Engine size:  2.7L 201hp V6 
− MPG City/Highway: 20-28 (11.76-8.4 L/100km) 
− Curb Weight:  3492.1 lbs (1,574 kg) 
− Vehicle Length:  203.7 inches (5.17 m) 
− Vehicle Width:  74.7 inches (1.90 m) 
The seats in the Intrepid are simpler in comparison to those in the Neon.  For the front 
seats, the combination of using a metal stamping for the base, few material interfaces and 
simplicity in design has enabled the Intrepid to be disassembled in the least amount of 
time.  The back bench seats are also much simpler in comparison to the Neon.  The back 
seat does provide access to the trunk of the vehicle however it folds down in one piece as 
opposed to the Neon that folds down in two pieces. The design of the bench seats are also 
very basic, they are both composed of a metal frame, PU foam and material.  Unlike the 
other vehicles seats that were disassembled, the Intrepid did not have the foam molded 
onto the frame for the bench seats.  This enabled for much easier disassembly and 
prevented the operator from having to peel the foam off the frame piece by piece; thus 
drastically reducing the disassembly time.  The results of the study are displayed in 
Figure 12, Table 3 and Table 4. 
 
Figure 12 Pie chart of the percentage of materials present in each type of seat for the Intrepid 
Metals
71%
Fabric
7%
Foam
19%
Plastic
3%
Bucket Seat
Metals
25%
Fabric
13%Foam
53%
Plastic
0%
Other
9%
Bench Seat
    33  
 
The components of the bucket style front seats: 
− Hinge screw that attaches the tracking system to the upper frame of seat (no 
connecting bracket was utilized in this seat which was different from the two 
other vehicles).  The seat belt is also attached at this point. 
− Upper portion of seat 
o Metal frame 
o PU foam (not molded on frame)  
o Material fabric 
o Head rest (made up of fabric, PU foam molded onto metal frame) 
− Lower portion of seat 
o One side panel for aesthetics 
o One lever to enable the seat to recline 
o One seat belt buckle attached to the seat connecting bolt 
o Tracking system that enables seat to slide laterally with respect to the 
dashboard  
o Metal stamping used for support 
o PU foam (not molded on frame) 
o Material fabric 
The components of the bench rear seats: 
− Top portion of bench seat 
o Material covered plywood-like material 
o Material fabric 
o Foam (not molded on frame) 
o Metal frame 
− Lower portion of bench seat 
o Material fabric connected to frame with hog rings 
o Foam (not molded on frame) 
o Metal frame 
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Table 3 Material Composition of 2001 Dodge Intrepid 
 
Part Information Weights of Parts & Materials (g) 
  
Part 
Type Assembly Overall Metals Fabric Foam Plastic Other 
20
01
 D
od
ge
 In
tr
ep
id
 
Driver 
Seat 
Driver seat upper  4,717 2,717 600 1,400 0 0 
  -Head rest 683 437 89 157 0 0 
Driver seat lower  9,857 7,631 400 1,400 426 0 
Total 15,257 10,785 1,089 2,957 426 0 
Pass. 
Seat 
Driver seat upper  4,701 2,701 600 1,400 0 0 
-Head rest 681 437 90 154 0 0 
Driver seat lower  9,652 7,628 400 1,200 424 0 
Total 15,034 10,766 1,090 2,754 424 0 
Back 
Seat 
(bench) 
Bench seat upper  10,200 2,800 1,200 4,800 0 1,400 
Bench seat lower  6,000 1,200 1,000 3,800 0 0 
Total 16,200 4,000 2,200 8,600 0 1,400 
GRAND TOTAL 46,491 25,551 4,379 14,311 850 1,400 
Table 4 Material Composition Percentages of 2001 Dodge Intrepid 
 
Part Information Percent Weight of Part 
Percent Weight of Complete 
Vehicle, With Fluids 
  
Part 
Type Assembly Metals 
Non-
Metals Part Metals 
Non-
Metals 
20
01
 D
od
ge
 In
tr
ep
id
 
Driver 
Seat 
Driver seat upper  57.60% 42.40% 
0.97% 0.42% 0.17% 
-Head rest 63.98% 36.02% 
Driver seat lower  77.42% 22.58% 
Total 70.69% 29.31% 
Pass. 
Seat 
Driver seat upper  57.46% 42.54% 
0.95% 0.42% 0.17% -Head rest 
64.17% 35.83% 
Driver seat lower  79.03% 20.97% 
Total 71.61% 28.39% 
Back 
Seat 
(bench) 
Bench seat upper  27.45% 58.82% 
1.03% 0.16% 0.42% Bench seat lower  20.00% 80.00% 
Total 24.69% 75.31% 
GRAND TOTAL 54.96% 45.04% 1.03% 0.16% 0.42% 
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4.3. 2001 Dodge Caravan  
The 2001 Dodge Caravan is a family minivan that has been produced from 1984-present 
and has 5 generations.   This Caravan represents the fourth generation of the vehicle was 
produced from 2001 until 2007. 
− MSRP: $19,160 
− Engine size:  2.4L 150hp I4 
− MPG City/Highway: 20-25 (11.76-9.41 L/100km) 
− Curb Weight:  3919.8 lbs (1,773 kg) 
− Vehicle Length:  189.1 inches (4.80 m) 
− Vehicle Width:  78.6 inches (2.00 m) 
The Dodge Caravan features three rows of seating consisting of: driver and passenger 
bucket seats, 2 middle bucket seats and third row bench seating.  The last two rows of 
seating offer the ability to be removed to enable sizable cargo to be transported in the 
vehicle.  This option, which is also a selling factor for the vehicle, creates difficulty in the 
design of the seats.  This added feature has added complexity to the vehicle seats’ design 
and consequently additional weight and increased disassembly times.  The results of the 
study are displayed in Figure 13, Figure 14, Table 5 and Table 6. 
 
Figure 13 Pie chart of the percentage of materials present in the bucket seats for the Caravan 
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Figure 14 Pie chart of the percentage of materials present in the bench seat for the Caravan 
The components of the front bucket seats are: 
− Two connecting joints that connect that top portion of the seat to the bottom on 
either side (attached seat belt) 
− Upper portion of seat 
o Arm rest 
o Grip bar (on back for passengers sitting behind) 
o Head rest 
o PU foam & material fabric (attached) 
o Metal frame 
− Lower portion of seat 
o Two Side panels 
o Panels on the back at seat base 
o Reclining lever 
o Bar to adjust lateral distance with respect to the dashboard connected to 
tracking system 
o PU foam & material fabric (attached) 
o Metal stamping used for support 
o Base (to elevate the seat) 
The components of the middle bucket seats are: 
− Two connecting joints that connect that top portion of the seat to the bottom on 
either side, with attached seat belt 
− Upper portion of seat 
Metals
68%
Fabric
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o Two arm rests 
o Plastic backing to the seat to be used if seat is folded down 
o Head rest 
o PU foam & material fabric (attached) 
o Metal frame with incorporated wire meshing used for support 
− Lower portion of seat 
o Two Side panels 
o Cup holder 
o Reclining lever 
o PU foam & material fabric (attached) 
o Metal frame with incorporated wire meshing used for support 
o Base that enables the seat to be easily removed with an incorporated lever 
The components of the back bench seats are: 
− Two connecting joints that connect that top portion of the seat to the bottom on 
either side  
− Upper portion of seat 
o Two head rest 
o Plywood-like material on back of seat 
o PU foam & material fabric (attached) 
o Metal frame 
− Lower portion of seat 
o Two side panels 
o Panels on the back at seat base 
o Reclining lever 
o PU foam & material fabric (attached) 
o Metal stamping used for support 
o Tracking system that enables seat to move farther/closer to dashboard 
o Base that enables the seat to be easily removed with an incorporated lever 
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Table 5 Material Composition of 2001 Dodge Caravan 
 
Part Information Weights of Parts & Materials (g) 
 
Part 
Type Assembly Overall Metals Fabric Foam Plastic Other 
20
01
 C
hr
ys
le
r 
C
ar
av
an
 
Front 
Seat   
(x 2) 
Driver seat upper  7,101 4,437 600 1,319 745 0 
-Head rest 716 460 90 166 0 0 
Driver seat lower  12,990 10,609 1,200 600 581 0 
Total 20,807 15,506 1,890 2,085 1,326 0 
Middle 
Seat  
(x 2) 
Driver seat upper  11,398 7,866 600 1,238 1,694 0 
-Head rest 716 460 90 166 0 0 
Driver seat lower  11,760 9,068 400 1,200 1,092 0 
Total 23,874 17,394 1,090 2,604 2,786 0 
Back 
Seat 
(bench) 
Bench seat upper  24,470 13,920 2,500 5,000 50 3,000 
-Head Rests (x2) 1,432 920 180 332 0 0 
Bench seat lower  22,983 18,473 1,000 2,400 1,110 0 
Total 48,885 33,313 3,680 7,732 1,160 3,000 
GRAND TOTAL 138,247 99,113 9,640 17,110 9,384 3,000 
Table 6 Material Composition Percentages of 2001 Dodge Caravan 
 
Part Information Percent Weight of Part Percent Weight of Complete Vehicle, With Fluids 
 
Part 
Type Assembly Metals 
Non-
Metals Part Metals 
Non-
Metals 
20
01
 C
hr
ys
le
r 
C
ar
av
an
 
Front 
Seat   
(x 2) 
Driver seat upper  62.48% 37.52% 
1.17% 0.87% 0.30% 
-Head rest 64.25% 35.75% 
Driver seat lower  81.67% 18.33% 
Total 74.52% 25.48% 
Middle 
Seat  
(x 2) 
Driver seat upper  69.01% 30.99% 
1.35% 0.98% 0.37% 
-Head rest 64.25% 35.75% 
Driver seat lower  77.11% 22.89% 
Total 72.86% 27.14% 
Back 
Seat 
(bench) 
Bench seat upper 56.89% 43.11% 
2.76% 1.88% 0.71% 
-Head Rests (x2) 64.25% 35.75% 
Bench seat lower  80.38% 19.62% 
Total 68.15% 31.85% 
GRAND TOTAL 71.69% 28.31% 7.8% 5.58% 2.76% 
All the vehicles that were disassembled were found to have the same five material types: 
metal, fabric, foam, plastic and other.  The ‘other’ material type was used on the back of 
the vehicle seats that have the ability to fold down and enable the seat back to support a 
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given load.  The material that is used for this application was a plywood-composite that is 
typically used in lower-end home furnishing. 
It was found that the material composition of the vehicle seats varied depending on the 
type (bench or bucket style) and the connection used interfacing the seat to the vehicle.  
The vehicle seats that have their own internal structure and are bolted into the vehicle’s 
frame (bench seats and bucket seat in the Caravan) were predominantly composed of 
metal; with ferrous metal representing between 65-75% of the seats’ total weight.  
Contrarily, the vehicle seats that are do not have their own structure and are supported by 
the vehicle’s frame (bench seats in the Neon and Intrepid) are composed of 
predominantly non-metal materials; with ferrous metal representing between 20-25% of 
the seat’s total weight. 
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CHAPTER 5 
ANALYSIS OF RESULTS 
5.1. MOST Analysis 
To determine the time that it would take an operator to disassemble the vehicle seats in a 
facility, MOST (Maynard Operation Sequence Technique) was utilized as a time 
measurement tool.  Rather than doing a manual time study and observing an operator do 
each individual task multiple times and calculating the average (process time), MOST 
can be used to automatically calculate the average process time.  MOST is not only easier 
than manual time studies, it also establishes a more precise time that incorporates an 
operator’s fatigue, due to physical or mental stress/exertion and adds an allowance to 
accommodate.   
MOST breaks down each task into individual elements and are all assigned a value in a 
unit called time measurement units (TMU).  For example, one element could be 
considered removing a screw.  This calculation will consider the time it takes to get the 
screwdriver, put the screwdriver to the screw, the action of loosening the screw, putting 
the screwdriver away, and returning to the workstation.  This value is converted into time 
(1 TMU is equal to 0.036 seconds) and used as an average, which incorporates time 
allowances, for further calculations and will be used in the business plan. 
The theoretical workstation used in the MOST calculation also incorporates different bins 
for the operator to sort through the materials as he is disassembling.  The time calculated 
for the seats disassembly, as well as the physical make-up of the vehicle is stated below 
(a more detailed MOST study can be found in the Appendices): 
Table 7 Disassembly time for 2001 Dodge Neon 
2001 Dodge Neon  
Disassembly Time 
Total Time 
(min) 
Front Seat 
(Driver & Pass) Back Bench 
26.87 3.12 20.63 
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Table 8 Disassembly time for 2001 Dodge Intrepid 
2001 Dodge 
Intrepid  
Disassembly Time 
Total Time 
(min) 
Front Seat 
(Driver & Pass) 
Back 
Bench 
10.76 1.51 4.63 
Table 9 Disassembly time for 2001 Dodge Caravan 
2001 Dodge 
Caravan 
Disassembly Time 
Total 
Time 
(min) 
Front Seat 
(Driver & Pass) 
Middle Seat 
(Left & Right) 
Back 
Bench 
50.52 7.90 10.39 13.94 
5.2. Teardown Analysis 
The goal of tearing down three different vehicles’ seats, from the same year and same 
vehicle maker, was to show the differences between seat geometry for different sized 
vehicles.  The hypothesis was that the physical make-up of the seats would essentially be 
the same, and the differences would be in the interfaces with the vehicle’s frame, the size 
of the seats, and the finishings.  This however was not the case.  Many differences were 
found between the seats and none of the seats shared modular parts.  
Taking the example of XYZ’s relationship with Chrysler, Chrysler subcontracts out the 
design of the vehicle seats and XYZ designs, manufactures, assembles and delivers to the 
Chrysler assembly facility.  Due to the fact that the three vehicles were not assembled at 
the same facility, different subcontractors could have been used to design the vehicle’s 
seats.  As a result, the modularity would not represent savings for Chrysler or the 
subcontractor, considering the subcontractor only manufacturers seats for the one 
assembly plant. 
There were major differences between the designs in the vehicles’ seats that must be 
noted: 
1. Connecting brackets  
2. Affixing method between seat PU foam and material cover 
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3. Interface between bench seat structure (and head rest frame) and PU foam 
4. Interface between vehicle frame and seats 
5. Types of bolt or screws utilized  
Any vehicle seat that features the ability to recline has a connecting bracket as the one 
shown in Figure 15.  The functional requirements of such a connecting bracket are to 
enable the seat to recline, and to support the load of the upper seat frame when in use. 
These connecting brackets are typically attached to the upper portion of the frame and 
covered by the fabric and foam whereas the lower portion is connected to the base of the 
seat and is typically accessible without any prior disassembly.  The size of the bracket 
and number of connecting points to the frame depends on the weight of the seat and the 
anticipated load (i.e. bench seats have larger brackets and double the connection points 
from studying the Dodge Caravan).  Some connecting brackets even feature the ability to 
recline in both directions (i.e. Dodge Caravan middle seats which fold down to enable 
easy storage). 
 
Figure 15 Typically connecting bracket 
While two out of the three seats that were disassembled featured this connecting bracket, 
the 2001 Dodge Intrepid did not.  This vehicle featured a unique spring mechanism to 
recline the seat in the vehicles base/tracking system.  The reason for this is a result of the 
multi-adjustable power seat feature that came as an option in the Dodge Intrepid.  
Although this vehicle did not feature power seats, the assembly plant that produced the 
seats utilized a modular design that enabled them to use the same seat structure for all 
seats regardless of the feature being installed. It must be noted that the type of connecting 
bracket that is utilized within seats is dependent on seat features such as power seats. 
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Figure 16 Connecting bracket utilized in power seats 
Pre-2001 vehicles utilized glue to attach the material to the foam of the vehicle seats.  
This was observed in the 2001 Dodge Caravan, which was an earlier model vehicle being 
manufactured prior to the shift.  The reason that automakers, at this time began to shift 
towards eliminating the use of adhesives in vehicle seats was a result of many issues:  
− Health and safety issues related to adhesives for both manufacturing and vehicle 
use (Anderson, 2003) 
− Recycling trend focusing on fastening choices and materials used (Anderson, 
2003) 
− Reduced scrapping (XYZ, 2010) as a result of discarding undamaged PU foam 
because of material defect (and vice-versa) 
As a result, the disassembly times for the Caravan, were much higher in comparison to 
the other vehicles because the seat foam had to be carefully pulled off the fabric.  This 
process proved to be problematic and no matter how slowly the fabric was pulled, there 
were traces of foam left on the seat cover.  Post-2001 vehicles have the seat covers 
attached via hog rings, as were used at the XYZ facility (Figure 17).  The material covers 
have metal wires integrated into their design that are essentially stapled into the foam.  
This process was also used on the seats in the 2001 Dodge Neon and Intrepid. 
Another major difficulty that was found in the disassembly study was the interface 
between the PU foam and the seat frames (in both the bench seats and the head rests).  
This was the case for all of the headrests that were disassembled and the lower bench seat 
in the 2001 Dodge Neon.  Although the seats that were observed being assembled at the 
XYZ facility did not have this type of structure imbedded in the PU foam, this is not the 
case for a large percentage of seats and head rests.  The foam cannot be easily removed 
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from the frame and requires being pulled, or cut, piece by piece off the frame and can add 
a significant amount of additional time to the disassembly and dismantling operation.  
Additionally, the foam cannot be completely removed from the frame, as with the 
adhesive glue on the material seat covers, there is PU foam residue left on the metal 
structure. 
 
Figure 17 Example of new material-foam interface 
Another major difference that was found between all three vehicles that were 
disassembled was the type of interface between the seat and vehicle’s frame.  The 
functional requirements of base / tracking systems are: 
1. Secure the seat the vehicle frame 
2. Enable the seat to slide laterally with respect to the dashboard 
 
Figure 18 Example of the base used to raise the height of the Caravan's front seats 
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Despite all vehicles having the same interface functional requirements between the seat 
and vehicle frame, and the vehicles all being from the same manufacturer, there was a 
wide variation in the product design.  For example, because the Caravan’s front seats 
have a higher centre of gravity, the vehicle seats have to sit higher in comparison to the 
Intrepid or Neon seats.  To enable the vehicle seats to sit higher the Caravan seat, along 
with a tracking system utilizes a base to raise the height of the seat, identified in Figure 
18.  Other differences that were observed were the tracking system being two separate 
pieces opposed to one, and the example of the connecting bracket in the Intrepid as was 
previously discussed. 
Throughout the disassembly of the vehicles certain connection points were found to cause 
more difficulty than others.  These difficulties were found to always be in the load 
bearing points of the seat (i.e. the connecting bracket, base structure, and seat belts) or 
where rust had accumulated on the metal.  Many of these screws, as a result of them 
being the load bearing points of the seat, were self tapping screws. A self tapping screw 
creates its own mating threads as they are screwed into place and gives a vibration 
resistant assembly (Home Lib, 2011).  These self tapping screws are always located in 
metal-to-metal connection types and typically would not require to be disconnected in a 
dismantling operation. 
5.3. Disassembly vs. Dismantling 
In order for a comprehensive business plan to be developed, it is necessary to have an 
understanding of how long it would take an operator to dismantle a vehicle’s seats in 
entirety.  It is unrealistic to assume that a dismantling facility is going to fully 
disassembly any part of a vehicle. Dismantling typically involves semi-destructive 
operations, with the main objective being to separate material types. Dismantling 
operations do not require a part to be able to be reassembled or maintain any of its 
structural integrity, as in disassembly.  The Neon is used to illustrate the difference 
between disassembly and dismantling and the impact the difference will have on the 
process times (detailed process diagrams can be found in the Appendices).  This vehicle 
consisted of two bucket seats and a bench seat that had the ability to fold down and 
provide access to the trunk. 
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The main reason there will be a significant time difference between disassembly and 
dismantling times is due to material separation.   It is not necessary for an operator to 
separate all parts and assemblies; only parts and assemblies that are of different material 
composition must be separated.  For example, to dismantle, it is not necessary for the 
operator to fully disassemble the bucket seat frame as was done in the full disassembly. 
The operator will therefore use a utility knife to remove the fabric from the seat frame, 
remove the foam, and remove any other plastic based materials such as the headrest, side 
panels and reclining lever.  These differences result in an almost 40% reduction in time 
from disassembly to dismantling for the bucket seats. 
 The problem however is presented in the bench seat which has multiple material 
interfaces.  For example the bottom portion of the bench seat has a metal frame 
embedded inside the foam.  The only way to remove this metal frame is by using a knife 
to rip apart the foam, piece by piece.  Unlike the bucket seats, the bench seat is 
predominantly made of plastic at 76%, whereas the bucket seats are made up of 72% 
metal.  This difference in material composition combined with a high component count 
makes the bench seats much more difficult to dismantle.  Furthermore, unlike the bench 
seats, where the disassembly time was different than the dismantling time, the 
dismantling and disassembly operations for the bench seats are identical. 
 
Figure 19 Chrysler Neon bench seat upper portion; the red identifies metal parts, blue = plastic 
The best example of this can be realized through the example presented in Figure 19, 
where the back structure of the seat has already had the fabric and foam removed.  In 
order for the seat to be fully reused or recycled, all materials must be separated from each 
other.  Therefore the metal brackets, and the mechanism used to pull down the seat must 
be removed.  If the back structure of the seat was made of metal, as are the frames in the 
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front bucket seats, the metal brackets would not have to be removed and time would be 
saved.  The result of this is a fully disassembled seat back and a disassembly time equal 
to the dismantling time.  
Table 10 shows the difference between the disassembly and dismantling times for all the 
seats that were included in the study as well as the material composition of the seats.  It 
was found that the bench seats, which are made predominantly of plastics, have identical 
disassembly and dismantling times. This however may not always be a result of the 
material composition as much as it is of the simplicity in design.  The example for the 
Neon disassembly and dismantling time that was previously discussed was a result of 
material composition (i.e. plastic on metal that requires disassembly) however for the 
Intrepid this is not the case.  The Intrepid had the same disassembly time as dismantling 
time because of the simplicity in design or low component counts.  The Intrepid’s upper 
and lower portions of the bench seat consisted of three different parts: (1) Foam, (2) 
Material cover, (3) Metal frame.  Therefore no matter dismantling or disassembly the 
same three operations had to be done. 
Table 10 Table of disassembly and dismantling times for all three vehicles disassembled 
Vehicle 
Seat Overall Weight 
Percent Weight of Part Disassembly 
Time (min) 
Dismantling 
Time (min) 
% 
Reduction Metals Non-Metals 
2001 
Dodge 
Neon 
Driver/Pass. Seat 16,120 72.43% 27.57% 5.196 3.120 39.95% 
Bench Seat 17,446 22.40% 77.59% 20.634 20.634 0.00% 
2001 
Dodge 
Intrepid 
Driver/Pass. Seat 15,257 70.69% 29.31% 4.626 3.078 33.46% 
Bench Seat 16,200 24.69% 75.31% 1.512 1.512 0.00% 
2001 
Chrysler 
Caravan 
Driver/Pass. Seat 20,807 74.52% 25.48% 7.896 3.606 54.33% 
Middle Seats 23,874 72.86% 27.14% 10.392 5.172 50.23% 
Bench Seat 48,885 68.15% 31.85% 13.944 5.238 62.44% 
Dismantling times are therefore impacted by the complexity of the design in terms of the 
following: 
1. Number of components, connections and assemblies 
2. Number of material interfaces  
3. Material composition 
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This conclusion necessitated a further investigation into the relationship between 
complexity and disassembly and dismantling times.   This analysis, that gives an in-depth 
insight into the study of complexity, can be found in the proceeding sections. 
5.4. Complexity Analysis  
The term complexity is derived from the word complex, which according to Oxford 
Dictionary can be defined as “consisting of parts or elements not simply co-ordinated, but 
some of them involved in various degrees of subordination; complicated, involved, 
intricate; not easily analysed or disentangled”.  The term can be used across a wide 
variety of topics from biology, to physics and information theory and it can be interpreted 
in many different ways depending on the given field. Summarized in Chu, Strand, and 
Fjelland (2003), predictive, explanatory, and control components are core essential 
aspects which are aims central to the complexity definition. When assessing or providing 
a measure of complexity, generally a given model provides an abstract estimation, which 
is context dependent. The quantitative description of the system, including the agents and 
interactions within the system, impacts the complexity evaluation. In the manufacturing 
domain, entropy or information theory (Shannon & Weaver, 1949) based models have 
been used to evaluate the product complexity, the interactions at the supply chain and 
operational levels, layout or system structure and even rework cells (Cho, Alamoudi & 
Asfour, 2009) (Zhang, 2010)(Kuzgunkaya & ElMaraghy, 2006) (Yu & Efstathiou, 2006) 
(Hu, Zhu, Wang & Koren, 2008) (Fujimoto, Ahmed, Iida & Hanai, 2003).   In this 
context, it must be noted that Shannon & Weaver’s entropy cannot be compared to the 
entropy used to relate the amount of unavailable energy in a closed thermodynamics 
system.  Within the information theory domain, entropy is used as a method to quantify 
the expected value of information contained in a message, which are typically divided in 
units, such as binary digits. 
Structurally simple manufacturing systems can be operationally complex. This 
operational complexity can be colloquially defined as the uncertainty associated with 
managing the dynamic variations, in time or quantity, across information and material 
flows at the manufacturing systems interface (Zhang, 2010). Consequently, one’s 
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previous knowledge, experience, skills and understanding can impact one’s perception of 
complexity, as well as product, process and operational characteristics. Using the 
Axiomatic Design Approach (Suh, 1999), four different types of complexity are: time-
independent real complexity, time independent imaginary complexity, time-dependent 
combinatorial complexity and time-dependent periodic complexity. Captured in Suh’s 
categories are the concepts of perception, dynamicity, and the impact of coupling.   
Many researchers have taken these approaches and adapted them to varying applications 
and fields of research.  The level of understanding required to apply these models range 
from having an advanced background in statistics to simply being able to utilize a 
calculator.   Although some have criticized methods to oversimplify the complexity 
factor calculation (Hinckley, 1993), the reality remains that those that would benefit most 
from using a complexity measure may not have the technical background to fully 
understand such mathematical and statistical theories.  The need therefore exists for 
simple complexity measures to be used by management in corporate structures to analyze 
the impacts their chosen design modifications will make on both the product costs, and 
assembly operations.  
5.4.1. Heuristic Complexity Metrics  
Wiendahl and Scholtissek (1994) outlined the relationship between product and 
production complexity within the manufacturing environment. They discuss that although 
complex products can be made through simple (or low complexity) production processes 
the majority of manufacturing operations have similar product and production 
complexities.  They discuss the impact that growing customer requirements and changing 
corporate cultures have had on product complexity and suggest multiple graphical models 
to represent complexity. 
A technique was developed to normalize the difference in difficulty levels in the 
manufacturing operation of semiconductors (Cooper et. al, 1992). A 5-point scale was 
developed to assess the level of effort that was required for each individual process and is 
calculated as follows: 
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Equation 1 Equation used to normalize difficulty levels developed by Cooper et. al (1992) 
𝐷𝐴(𝑡) = � 𝐴(𝑠, 𝑡) ∙ 𝐷(𝑠)
𝑠
 
DA(t): The total number of difficulty-adjusted activities for technology t 
A(s,t): Number of activities in critical step, s, for process technology, t. 
D(s): Degree of difficulty associated with the activity of critical step, s. 
It has also been suggested that a shift in philosophy is required in product design 
engineering to draw more attention to focusing on simplifying and minimizing the 
assembly operations rather than focusing on minimizing the part counts (Hinckley, 1993).  
Hinckley conducted a study to show that if more focus was directed at simplifying the 
assembly operations, as a result there would be a decrease in part count; however, if 
focus was only put on reducing the part count, complex and difficult assembly operations 
could still exist.  Kim (1999) suggests that complexity should be reduced by either lean 
manufacturing system design or through proper product design; with the best scenario 
being a combination of both methodologies.   
Kim (1999) introduced several metrics to measure the sources of system complexity 
based on the relationship between system components (number of flow paths, travel 
distance and scheduling effort) and the elementary system components (machines, 
operating stations, people, etc.).  A case study is used to exemplify the model by showing 
how a lean manufacturing facility is less complex than a mass production facility. 
ElMaraghy and Urbanic (2003, 2004, 2009) developed a framework and methodology to 
assess the relative complexity of manufacturing systems that can be adapted to suit any 
type of enterprise.  The model they developed decouples the product, process and 
operational complexity aspects, and re-links them in a systematic manner. Their goal was 
to determine impact factors related to the operational complexity during the 
manufacturing process while incorporating the human operator as an influencing element.  
Their complexity model is a function of the quantity of information (H), diversity of 
information (DR) and the relative effort that is required to produce the final product (cj).  
Figure 20 identifies the contributors to complexity based on their model.  
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Figure 20 Elements that effect product complexity (ElMaraghy and Urbanic, 2003) 
ElMaraghy and Urbanic go into greater detail defining that product complexity, which is 
a subset of operational complexity, is a function of material, design and the special 
engineering or process specifications for each component within the product.  Their 
model is as follows: 
A compression factor is used similar to that used by Shannon (1949): 
Equation 2 Compression factor developed by ElMaraghy and Urbanic (2003) 
𝐻 = log2(𝑁 + 1) 
N: is the total quantity of information 
The measure of uniqueness or the diversity ratio DR is defined as a ratio of distinct 
information to total information: 
Equation 3 Diversity factor developed by ElMaraghy and Urbanic (2003) 
𝐷𝑅 = 𝑛𝑁 
n: is the quantity of unique information and  
N: is the total quantity of information 
The product complexity is calculated to be a function of the product information entropy 
(H), the product diversity (DR) and the product relative complexity index (cj): 
Product 
Complexity
Material Design Specifications Components
   Feature:  Requirements: 
   Shape,   Appearance 
   Geometry  Cleanliness 
   Tolerances  Hardness 
   Datum points  Torque, Porosity,  
   Etc.   Etc. 
Number 
Diversity 
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Equation 4 Total product complexity developed by ElMaraghy and Urbanic (2003) 
𝐶𝐼𝑝𝑟𝑜𝑑𝑢𝑐𝑡 = (𝐷𝑅𝑝𝑟𝑜𝑑𝑢𝑐𝑡 + 𝑐𝑗𝑝𝑟𝑜𝑑𝑢𝑐𝑡) × 𝐻𝑝𝑟𝑜𝑑𝑢𝑐𝑡 
Where  
Equation 5 Product complexity index developed by ElMaraghy and Urbanic (2003) 
𝑐𝑗𝑝𝑟𝑜𝑑𝑢𝑐𝑡 = 𝐹𝑁 ∗ 𝐹𝐶𝐹 + 𝑆𝑁 ∗ 𝑆𝐶𝐹𝐹𝑁 + 𝑆𝑁  
FN: is the quantity of features 
FCF: is the feature complexity factor 
SN: is the quantity of specification checks, and 
SCF: is the specification complexity factor 
The complexity factors FCF and SCF are calculated through: 
Equation 6 Complexity factor for the feature and specification developed by ElMaraghy and Urbanic 
(2003) FCF or SCF   = ∑ 𝑓𝑎𝑐𝑡𝑜𝑟 𝑙𝑒𝑣𝑒𝑙𝐾𝐾𝐾=1 𝐾  
K: is the number of categories (for FCF) or specifications (for SCF) 
Factor level: is a measure of the amount of environment, physical or cognitive operator 
work and is assigned a level: 0, 0.5, or 1 (no/moderate/high discomfort or effort). 
The product complexity framework was extended to assess process and operational 
complexity by considering process and task related aspect respectively. As this 
foundational work consists of a methodology and framework that can be adapted for 
different manufacturing domains, it was extended by Shokri (2008) to focus on 
determining complexity characteristics in the assembly domain.  Shokri identified the 
main tasks to be considered within assembly operations (selection, handling, alignment 
and insertion) and developed a measure to assess the related efforts for each. The efforts 
for all operations required in the assembly of a product are then summed and replace 
cj,product in Equation 5.  
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5.4.2. Disassembly & Dismantling Time Complexity Model 
For this study, complexity will refer to the relationships between all subassemblies and 
individual parts that comprise the vehicle seats.  While the majority of the complexity 
index calculations requires one to physically examine the component before assessing the 
given complexity for a part or an assembly, this cannot be done for vehicle seat 
disassembly, or for any type of disassembly operation.  Not only would it be time 
consuming for a dismantler to research the structural components of the seat prior to 
dismantling, considering the wide variety of vehicles a dismantler could handle in a given 
day, or year, this would create an unnecessary amount of additional work. 
Guenov (2002) suggested that at the enfant stages of product design, when such factors 
such as the number of parts, connections and the size and magnitude of the supply chain 
are unknown it is permissible to use the relationship between the FR (functional 
requirements) and DP (design parameters) in lieu of such design information.  This 
however is also not possible at this stage at the vehicle life cycle due to the lack of 
communication between vehicle producers and the vehicle dismantlers, as previously 
discussed. 
Other researchers have done in-depth investigations into the precedence analysis within 
the disassembly domain (Dong et. al, 2006) (Hui et. al, 2006) (Singh et. al, 2003).  This 
research applies similar component and connection counts however also considers 
additional parent and child assemblies, part geometry and surfaces features and 
disassembly tools to name a few. While precedence diagrams would be required to 
disassemble or dismantle a product with many subassemblies or varying connection 
points, in order to act as a guide for dismantlers, this is not the case for vehicle seats.  
Vehicle seats are all disassembled or dismantled in the following order: 
1. Removing the outer accessories and head rest 
2. Removing the material cover and foam 
3. Removing internal components and recycling the vehicle seat frame 
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The precedence analysis completed by Hui et. al (2006) does incorporate a process time 
for each task within the calculation; but this was given as background information and 
used in the calculation of precedence.  A generic Petri net model was developed for 
disassembly and applied to the disassembly of a telephone (Zussman & Zhou, 1999).  
Zussman and Zhou incorporated probabilities into their model to represent the 
uncertainty and the performance of external factors to represent the success rate (or cost-
effectiveness) of disassembly operations.  Additionally research has been done 
investigating the big picture of a disassembly process within the high value plastics 
recycling industry utilizing simulation (Rios, Stuart & Grant, 2003).  This model however 
focuses on consumer electronics and the recycling compatibility of various plastic resins. 
An in-depth literature review did not result in any research that correlates product 
complexity to an estimated disassembly time calculation.  Published research to date that 
compares complexity to disassembly has been focused on disassembly precedence.  A 
literature search using the keywords “dismantling” and “complexity” showed no results 
as of March 2011.   
The goal of this complexity evaluation is to enable the dismantler to assess the 
complexity of the design quickly and in a systematic manner, without analyzing each 
individual component of the seat.  By integrating the theory from previous complexity 
models and applying the results of the MOST disassembly and dismantling times, a 
model was generated through numerical experimentation. 
Similar to Elmaraghy and Urbanic’s (2003) product complexity index a connection effort 
factor was required to differentiate the varying degrees of effort required to remove 
connections within the vehicle seat assembly (Equation 7).  
Equation 7 Connection effort factor calculation 
𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑜𝑛 𝐸𝑓𝑓𝑜𝑟𝑡 𝐹𝑎𝑐𝑡𝑜𝑟 = 𝑐𝐸𝐹 = �𝑁𝑖𝐹𝑖
𝑖
 
Ni: The total number of connections of type i 
Fi: The normalizing factor of connection type i  
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The normalizing factors relate to the type of connection that is utilized in the design.  
Throughout the physical teardown of the vehicle seats there were four different types of 
connections that were found: basic screws, structural screws, other and fabric 
connections.  The difference between these connection types is related to the level of 
effort (or time) that is required to disconnect them.    
The structural joints are those connections that are considered to be the load bearing 
connection points of the seat (Figure 21) and as a result utilize self-tapping screws or 
bolts.  These connections are typically subject to rust which exponentially increases the 
level of effort required for removal.  In comparison to structural screws, basic screws are 
those connections that are used to attach the seat accessories and smaller components to 
the vehicle seat.  Some of the connections utilized on the bottom of the seat, connecting 
the seat base to the tracking system, are often considered basic screws because they 
require little effort to remove. 
 
Figure 21 Example of a structural screw on a connecting joint (right) and two basic screws on a side 
panel (left) 
The ‘other’ and ‘fabric’ connections are those connections within the vehicle that do not 
require tools to remove.  The main difference between the two categories is the number 
of connections that can be disconnected at a time.  For example, some of the fabric in the 
vehicles is attached using a plastic clipping mechanism that is stretched over the frame of 
the seat, because these clips must be removed piece by piece they are not considered a 
fabric connection type but an ‘other’ connection.  On the other hand, one pull of fabric on 
a vehicle seat can remove multiple hog rings which classify hog rings as a fabric 
connection type.   
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Figure 22 Example of ‘other’ connection type connecting plywood-composite to the back of a bench 
seat with 10 connections 
 
Figure 23 Example of a fabric connection which utilizes hog rings 
In order to calculate an accurate disassembly time a difference must be distinguished 
between each type of connection; therefore normalizing factors were developed on a 
scale of 0-4 that best described this variation. A brief description of each type of 
connection and their associated normalizing factors can be found in Table 11. 
Table 11 Types of connections and their corresponding normalizing factors 
Type of Connection Description Normalizing Factor 
Structural Screw Joins parts of the frame of the seat 4 
Basic Screw Any other type of screw not included in structural 2 
Other Do not typically require tools to remove 1 
Fabric Used to fasten fabric (multiple removed with one motion)  0.25 
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The values chosen for the normalizing factors were realized through experimentation.  
The initial values chosen for the normalization factors were used to calculate the 
connection effort factor (CEF) for each vehicle seat and these values were compared with 
the actual disassembly times.  The normalization factors were then modified to get the 
closest relationship using whole numbers and the values displayed in Table 11 are the 
final results. 
The strong linear relationship found between the disassembly time and connection effort 
factors shows that this should be the base for our model (shown in Figure 24). By 
examining the linear equation (y = 5.831x + 4.875) it identifies that the CEF must be 
normalized further to be in time units. 
 
Figure 24 Experimental comparison of disassembly time compared to connection complexity factor 
All complexity calculations that were examined incorporated an entropy amount so the 
next step was to see the impact of dividing the CEF by an entropy amount.  Other models 
consider entropy to quantify the expected value of information.  When applying this 
concept to the vehicle seats, the information is the number of connections and 
components.  Therefore the equation shown in Equation 8 takes the logarithm to base two 
of the sum of the total number of components and connections (plus one).  The result is 
the quantified expected value of information or entropy. 
y = 5.8313x + 4.8755
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Equation 8 Entropy amount calculation 
𝐸𝑛𝑡𝑟𝑜𝑝𝑦 𝐴𝑚𝑜𝑢𝑛𝑡 = 𝐻 = log2(𝑀 + �𝑁𝑖
𝑖
+ 1) 
N: Number of total connections 
M: Number of total components 
The entropy calculations for the vehicle seats included in the study were coincidentally 
very close to the slope found in Figure 24 (5.831). It was therefore decided to see the 
impact on the relationship with disassembly time if the CEF was divided by the Entropy 
Amount (H).  This calculation brought the calculated number much closer to the actual 
disassembly time as can be visualized in Figure 25. 
 
Figure 25 Experimental comparison of disassembly time compared to CEF/H 
The final factor that was used in the experiment was the Interrelation Factor (IR).  This 
factor shows the relationship between the material compositions of each component in 
the assembly.  Similar to the CEF, this factor relates to the required effort and time to 
separate all components from one another.  The theory behind this factor is the more 
number of parts that need to be removed during a dismantling operation, the higher the 
complexity of the vehicle seat design, thus a higher disassembly time.  Multiplying this 
y = 0.8449x + 2.093
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factor by CEF /H will therefore further account for the effort required to disassemble the 
more complex vehicle seats. 
Equation 9 Interrelation factor calculation 
𝐼𝑛𝑡𝑒𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 = 𝐼𝑅 = 𝑚𝑀 
m: Number of components that require removal during dismantling operations 
M: Number of total components 
The above calculations only consider the parts and connections in the design that are 
removed through a measurable number of connections.  The seat fabric and some foam 
sections of the vehicle seats are connected using an infinite number of connection points, 
where the fabric is adhered to the foam using glue and several foam components are 
molded directly onto the metal frame (Figure 26).  These types of connections can all be 
removed any type of vehicle with similar disassembly times, the only varying factor will 
be the size of the vehicle seat.  It was therefore determined to address this portion of the 
vehicle seat disassembly time by a constant that will be added to the above calculations. 
For foam removal from the frame of a vehicle seat, add 100 seconds for every person the 
seat can accommodate. For seats that have foam glued to fabric, add 10 seconds for every 
person the seat can accommodate. Note that both additional time constants only consider 
one portion of the seat, either the upper or lower half. 
 
Figure 26 Example of a headrest that required the foam to be pulled from the frame piece by piece 
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The final equation to estimate the time to disassemble a vehicle seat is shown in Equation 
10.  The time to dismantle a vehicle seat is obviously a fraction of the disassembly time 
because fewer operations typically have to be done during a dismantling operation.  To 
get dismantling time, the disassembly time is multiplied by the ratio of the connections 
needing to be removed during a dismantling operations divided by the total number of 
connections (Equation 11). 
Equation 10 Time to disassemble calculation 
𝑇𝑖𝑚𝑒 𝑡𝑜 𝐷𝑖𝑠𝑎𝑠𝑠𝑒𝑚𝑏𝑙𝑒 = 𝑡𝐷𝐴 = �𝑐𝐸𝐹𝐻 � ∙ 𝐼𝑅 + 𝐴𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑇𝑖𝑚𝑒 
Equation 11 Time to dismantle calculation 
𝑇𝑖𝑚𝑒 𝑡𝑜 𝐷𝑖𝑠𝑚𝑎𝑛𝑡𝑙𝑒 = 𝑡𝐷𝑀 = 𝑡𝐷𝐴 × �𝑛𝑁� 
n: Number of dismantling connections 
N: The total number of connections 
5.4.3. Sensitivity of Model 
A sensitivity analysis was conducted to determine the efficiency of the developed model 
with the vehicle seats that were included in the teardown by comparing the calculated 
disassembly and dismantling times with the actual times that were found through the 
MOST analysis.  For each seat the number of connections and components were counted 
as illustrated in Table 12.  It must be noted that the number of components and 
connections were counted after the teardown of the vehicle seats occurred. 
Table 12 Connection and component count 
Vehicle Seat 
Component Connection Types (N) Dismantling 
Connections 
(n) (M) (m) Struct Screw Other Fabric 
Intrepid 
Front 11 9 2 5 4 4 10 
Bench 7 7 0 0 4 16 20 
Neon 
Front 12 9 3 6 8 0 9 
Bench 30 30 14 24 5 16 59 
Caravan 
Front 21 14 2 24 4 0 16 
Middle 22 17 4 21 20 0 26 
Bench 23 16 8 26 8 10 22 
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Equation 12 Equation for percent accuracy 
𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 = 𝐴𝑐𝑡𝑢𝑎𝑙 −  |𝐴𝑐𝑡𝑢𝑎𝑙 − 𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙|
𝐴𝑐𝑡𝑢𝑎𝑙
× 100% 
By analyzing the results in  
Table 14 (as well as Figure 27 and Figure 28) it can be found that the model that was 
developed does an accurate job at predicting the disassembly and dismantling times for a 
given model of seat. The percentage of accuracy between calculated and actual 
disassembly time was 90% and was 89% for dismantling operations, which was 
calculated through the use of Equation 12.  The standard deviation for disassembly times 
was 1.48 minutes for disassembly and 0.80 minutes for dismantling.   
It must be noted that although both calculations are very close to the to the actual amount, 
the time that has the highest importance is the estimated dismantling time, as it is the 
calculation that will be used by dismantling facilities and will be used further on in the 
‘Business Plan’ section.  The fact that the dismantling operations can be estimated with 
such an accuracy of being only 48 seconds off will lead to accurate calculations within 
the business model.  The next step is to validate the model to determine how accurately 
the number of connections and components can be counted on a fully assembled vehicle 
seat through physical inspection and the impact this accuracy will have on the calculated 
times as discussed in Section 5.4.5. 
Table 13 Partial calculations for vehicle seats 
Vehicle Seat H CCF IR Add. Time 
Intrepid 
Front 4.75 23.00 0.82 0.00 
Bench 4.81 8.00 1.00 0.00 
Neon 
Front 4.91 32.00 0.75 0.00 
Bench 6.49 113.00 1.00 5.00 
Caravan 
Front 5.70 60.00 0.67 0.17 
Middle 6.09 78.00 0.77 0.17 
Bench 6.25 94.50 0.70 0.50 
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Table 14 Comparison between the calculated and actual disassembly and dismantling times 
Vehicle Seat 
Disassembly Time (min) Dismantling Time (min) 
Calculated Actual Difference Calculated Actual Difference 
Intrepid 
Front 3.96 4.63 -0.67 2.64 3.08 -0.44 
Bench 1.66 1.51 0.15 1.66 1.51 0.15 
Neon 
Front 4.89 5.20 -0.30 2.59 3.12 -0.53 
Bench 22.41 20.63 1.77 22.41 20.63 1.77 
Caravan 
Front 7.18 7.90 -0.71 3.83 3.61 0.23 
Middle 10.07 10.39 -0.32 5.82 5.17 0.65 
Bench 11.02 13.94 -2.92 4.66 5.24 -0.57 
 
Figure 27 Chart of the difference between calculated and actual times for disassembly 
 
Figure 28 Chart of the difference between calculated and actual times for dismantling 
5.4.4. Counting Components and Connections 
When trying to determine the number of components that compose a passenger vehicle 
seat, the difficulty arises when trying to determine its inner mechanisms. Figure 29 is 
presented as a guide to counting the number of components present within a seat.  The 
key factor lies in determining the number of components that are present in assemblies 
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that are not visible to the naked eye through the fully assembled seat.  These assemblies 
are identified in light blue, which are the frame of the seat, and the connecting joints or 
brackets used to connect the upper and lower portions of the seat.   
 
Figure 29 Guidelines for counting components of seat (Note that the connecting joint is typically 
connected to the upper portion of the seat however can be found to be incorporated in the base of the 
seat) 
Connecting joints typically consist of one component, with 2 connections for bucket 
seats, and 4 for bench seats (on each side).  The difficult arises when the seat has a motor 
to automatically adjust the seat height or inclination; in these cases the connecting joint is 
typically part of the tracking assembly and only has 1 connection on either side.  It must 
be noted that although a seat may not have an automated adjusting mechanism installed, 
it may be an option for the vehicle and therefore the same will hold true.   
The frame of the seat typically consists of two metal frames, one for the upper and one 
for the lower portion of the seat.  It is also common for the frame to have an attached 
support system for the lower and upper portions consisting of metal wiring (1 
component) and springs (typically 6 components).  The seat can be tested by applying 
pressure and listening, or examining from underneath whether a spring mechanism is 
used for the structure.  
The remainder of the assemblies can easily be counted through visual inspection, 
attention that must be paid when counting the number of finishings and accessories used 
on the seat as a result of this number significantly varying between different vehicles.  
The assemblies that are in between the upper and lower portions of the seat denote that 
this component exists both on the upper and lower portion of the seat (i.e. times two).  It 
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must be noted that the tracking system is sometimes also used as the base that secures the 
seat to the vehicle body which can be determined by a visual inspection. 
5.4.5. Case Study 
A vehicle seat was arbitrarily chosen to test the developed model.  The seat received from 
the dismantler was the driver side seat from a 2000 Chrysler Voyager.  A brief amount of 
time was spent studying the seat to analyze the number of components and connections 
prior to disassembly.  The number of components and connections were estimated 
through both the experience gained from disassembling vehicle seats in the teardown 
analysis and through physically inspecting the vehicle seat.  Once the seat was 
disassembled, these estimations were reassessed as illustrated in Table 15. 
Table 15 Actual and estimated number of components and connections  
Vehicle Count Type 
Components Connection Types (N) Dismantling 
Connections (n) (M) (m) Screw Struct Other Fabric 
Driver's 
Seat 
Estimated 15 10 12 5 4 1 14 
Actual 19 12 12 3 13 1 17 
  
Figure 30 Before and after picture of the 2000 Chrysler Voyager driver’s seat 
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The major difference found in this seat was the head rest.  All seats that were included in 
the teardown analysis had head rests that were separate subassemblies from the vehicle 
frame.  There was a large difference between the estimated and actual number of 
components, as well as the number of “other” connection types.  This was mainly a result 
of the assumption that the back support system was all one piece when it utilized the 
spring and wire frame structure (Figure 30).  In other words, the frame was considered to 
be all one component, however it was actually 8. 
Table 16 Difference between actual and estimated component count 
Components ESTIMATED  Components ACTUAL 
(M)  (m) PRODUCT  (M)  (m) PRODUCT 
2 2 Foam  2 2 Foam 
2 1 Frame  2 2 Frame 
1 0 Tracking  1 1 Tracking 
2 1 Arm rest  1 1 Arm rest 
2 2 Side Panels  2 2 Side Panels 
1 1 Lever  1 1 Lever 
1 1 Back handle  1 1 Back handle 
1 0 Connecting bracket  2 2 Fabric cover 
2 2 Fabric cover  6 0 Support spring (upper) 
1 0 Bottom support structure  1 0 Support wiring (upper) 
Table 17 Difference between actual and estimated connection count 
Connections ESTIMATED  Connections ACTUAL 
(N) (n) PRODUCT  (N) (n) PRODUCT 
8 8 Side panel screws (1 for lever)  8 8 Side panel screws (1 for lever) 
4 4 Material clips on bottom seat  6 4 Material clips on bottom seat 
1 1 Velcro on upper seat  1 1 Velcro on upper seat 
4 0 Connecting Bracket  1 1 Arm rest 
1 1 Arm rest  6 (2) 0 Tracking system (structural) 
4 0 Tracking system  1 0 Material clips on upper seat 
   
 6 0 Springs connecting support 
The MOST times that were calculated for the seat were 5.92 minutes for disassembly and 
2.56 minutes for dismantling (detail can be found in the Appendices).  The percentage 
accuracy was counted and the results are displayed in Table 19 and  
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Figure 31; all calculations were within a reasonable range with the exception of the 
estimated dismantling time.  The main reason this estimation was so high was a result of 
the unpredicted back support frame that was utilized in this seat.  The dismantling time is 
calculated using the disassembly time and multiplying it by a fraction of the number of 
required connections divided by the total connections.   The springs and wire mesh used 
for the back support are considered in the total connections (not required connections) 
therefore the discussed fraction was too high, thus an inflated dismantling time. 
Table 18 Calculations for disassembly and dismantling times 
H CCF IR 
Add. 
Time 
Disassembly Time Dismantling Time 
Calculated Actual ΔActual & Calculated Calculated Actual Δ 
5.25 48.25 0.67 0.33 6.46 5.92 0.54 4.11 2.56 1.55 
5.61 49.25 0.63 0.33 5.87 5.92 -0.05 2.84 2.56 0.28 
ΔActual and Estimated 0.59 1.88 
Table 19 Percentage of accuracy in case study 
Count Type 
% Accuracy 
Disassembly 
% Accuracy 
Dismantling 
Estimated 90.83% 39.35% 
Actual 99.21% 89.24% 
 
 
Figure 31 Accuracy of the estimated and actual component and connection count compared to the 
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Difficulties like these will arise and considering the study has only examined five 
different types of bucket seats, enough background information has not been attained of 
vehicle seat design.  Ideally the model will be utilized by people who are physically 
working with vehicle seat design or recycling and will be able to determine the types of 
internal structures based on the type of vehicle seat, manufacturer or vehicle segment the 
seat is from. 
5.5. Summary 
The significance of this study of vehicle seat assemblies is not only the contribution to 
developing a method for recycling or the general model to predict disassembly and 
dismantling times but is also in the simplicity of generating general guidelines to follow 
for dismantlers.  Many dismantlers, when given the opportunity, would not have the 
available resources to determine the most effective way to take apart vehicle seats.  
Something the vehicle recycling industry is currently lacking is standard operating 
procedures for even its most common operations.  This is a combined result of the wide 
variety in vehicle design compounded by the lack of government regulated vehicle 
recycling guidelines.  Developing general guidelines or standard operating procedures for 
dismantling various vehicle assemblies can act as a stepping stone to a more efficient 
vehicle recycling industry. 
Table 20 Summary of complexity disassembly and dismantling time model 
Metric Description How to Measure 
Time to Disassemble Additional time related foam separation 𝑡𝐷𝐴 = �𝑐𝐸𝐹𝐻 � ∙ 𝐼𝑅 + 𝐴𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑇𝑖𝑚𝑒 
Time to Dismantle n: # of dismantling connections 𝑡𝐷𝑀 = 𝑡𝐷𝐴 × �𝑛𝑁� 
Connection Effort 
Factor 
i: Type of connection 
N: # connections 
F: Normalizing factor 
𝑐𝐸𝐹 = �𝑁𝑖𝐹𝑖
𝑖
 
Entropy Amount M: # of components 𝐻 = log2(𝑀 + �𝑁𝑖
𝑖
+ 1) 
Interrelation Factor m: #  of dismantling components  𝐼𝑅 = 𝑚𝑀 
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The study also provided an in-depth insight into the material composition of vehicle seats 
which were initially presumed to be composed of a high proportion of nonmetal 
materials.  Although the results showed the seats to represent a high percentage of the 
overall nonmetal content in vehicles they also represented a significant source of ferrous 
metal.  This presents the potential to use this ferrous metal content as a source of revenue 
to subsidize an operation that would aim to reduce the amount of SR prior to the 
shredding operation.  The model, summarized in Table 20, further enables an accurate 
business scenario to be simulated to identify the profitability of operating a dedicated 
vehicle seat dismantling facility. 
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CHAPTER 6 
BUSINESS MODEL 
6.1. Business Model with Experimental Scenario 
Presently, the seats are quickly removed from the vehicle body to allow dismantlers 
access to other, more valuable interior features and are placed back into the vehicle hulk 
when it is sent to the shredder. In the event that recycling mandates are put into effect in 
Canada, recycling seats would be a simple way for Canadian dismantlers to increase their 
percentage of a vehicle that is recycled.  For the business plan, it is assumed that the 
vehicle dismantlers will willingly donate the vehicle seats in order to reduce the amount 
of non-recyclable materials present.  It must therefore be noted that the following 
business scenarios do not incorporate any additional labour, time, or costs that would be 
incurred through the removal of the seat from the vehicle.   
Table 21 Summary statistics of all three vehicles that were disassembled 
2001 Dodge Neon  
Vehicle Weight 
Total 
Vehicle 
SR 
Contributing 
Weight 
(14%) 
Ferrous 
Contributing 
Weight 
(68%) 
Vehicle Seat Weight 
Overall SR Metal 
1,192,000 166,880 810,560 48,886 22,127 26,759 
Percentage of Material Present in Seats 4.10% 13.26% 3.30% 
       
2001 Dodge Intrepid  
Vehicle Weight 
Total 
Vehicle 
SR 
Contributing 
Weight 
(14%) 
Ferrous 
Contributing 
Weight 
(68%) 
Vehicle Seat Weight 
Overall SR Metal 
1,574,419 220,419 1,070,605 46,491 20,940 25,551 
Percentage of Material Present in Seats 2.95% 9.50% 2.39% 
       
2001 Dodge Caravan 
Vehicle Weight 
Total 
Vehicle 
SR 
Contributing 
Weight 
(14%) 
Ferrous 
Contributing 
Weight 
(68%) 
Vehicle Seat Weight 
Overall SR Metal 
1,772,639 248,169 1,205,395 138,247 39,134 99,113 
Percentage of Material Present in Seats 7.80% 15.77% 8.22% 
It must be duly noted that given the current infrastructure this methodology would not 
work.  Vehicle dismantlers count on every kilogram of weight present in the vehicle as a 
source of income, and would not easily part with anywhere from 50-140 kg of the 
vehicle.  As a result, this business model is heavily reliant on government legislation that 
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would prevent SR from being unnecessarily sent to landfill and charge fees to dismantlers 
that do so. Ideally, the dismantlers would incorporate seat dismantling facilities within 
their current existing facilities to eliminate unnecessary transportation costs and reduce 
facility overhead costs. 
For the vehicles studied, the materials that contribute to SR in the vehicle’s seats 
represents between 1.3-2.2% of the vehicle’s overall weight.  However considering that 
14% of vehicle weight consists of those materials that contribute to SR (Staudinger & 
Keoleian, 2001), the vehicle’s seats represent between 10-16% of all SR based materials 
present in the vehicle.  Therefore considering that 400,000 vehicles are retired in Ontario 
every year (RCO, 1999) and assuming each vehicle weighs approximately 1,500 kg, 
removing the seats from these vehicles can divert 8.4-13.4 tonnes of SR from landfill. 
The assumptions for the business model are as follows: 
− Workers are hired on a full time basis (252 days per year, 8 hours per day) 
− All stations are equipped with sorting buckets to easily separate all present 
materials  
− Workers utilize pneumatic tools to alleviate the difficulty of rusted connections 
− Vehicle seats refers to all seats that are present within one vehicle 
To test the business’s profitability and determine the scope of the operation, the Dodge 
Neon was chosen for analysis because it represents the lowest amount of ferrous metal 
recovered per minute in comparison to the three vehicles and consequently the least 
profitable (Table 22).   
Table 22 Amount of ferrous recovered per minute 
Vehicle Total Time (min) 
Total g of 
Ferrous 
Disassembled 
(g/min) 
2001 Dodge Neon 26.87 26,759 996 
2001 Dodge Intrepid 10.76 25,551 2,374 
2001 Dodge Caravan 50.52 99,113 1,962 
It is assumed that the amount of space that is required for the operators to dismantle the 
seats is 36.75 square meters (400 square feet), with an additional 13.75 square meters 
(150 square feet) per every additional operator after two.  It is assumed that the 
    71  
 
dismantling occurs at the dismantler with a separate space for the vehicle seats to be 
dismantled, in order to reduce unnecessary transportation.  For expense purposes it is 
assumed that the business rents the space from the dismantler and acts as its own separate 
business. 
 
Figure 32 Potential expenses and revenues from seat dismantling facility 
The potential expenses and revenues for the business are expressed through Figure 32.  
The revenues are generated through the ferrous metals from the seats, and this source of 
income is the only one that is considered for the business model at this time. These 
revenues are calculated with the assumption that the metals are shredded and sent directly 
for further metal refinement.  The potential for generating profit from the PU foam is 
  
Figure 33 Total revenues and expenses of dismantling business (Neon) 
Dismantle 
Vehicle
Expenses
Labour
Rent
Utilities
Equipment/ 
Supplies
Revenue
Ferrous metal
Polyurethane 
Foam
Other 
materials
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dependent on the availability of facilities within the area and their ability to accept ELV 
foam that has not been cleaned, as a raw material.  Although the foam has not been sent 
through the shredder, there is still a trace of contaminates present in the PU foam and 
may be required to be cleaned to be accepted as raw material (Mark & Kamprath, 2004).   
With the labour and overhead expenses remaining constant, the two factors that affect the 
business’ success are: the price of shredded ferrous scrap, and the availability of vehicle 
seats. To illustrate this point, a sensitivity analysis was done using the monthly price 
averages of shredded ferrous metal scrap from the past three years (2008, 2009 and 2010) 
to determine how it affects the business (Table 23).  The number of workers necessary to 
break even or to generate the lowest negative balance was calculated and is used to 
evaluate how the shredded scrap value affects the business. The lowest value over the 
three years was observed to drastically affect the business, as it results in a $34,201.54 
debt; this low ferrous price however also occurred in the same year as the high prices, 
which would generate a profit of $62,749.76 (with two workers).  One can therefore 
assume that in general the business will gain a profit and yearly lows will be 
counterbalanced by yearly highs. Challenges would be associated with labour availability 
and retention, and managing overhead costs.  A functional business model would ideally 
have workers working variable hours per week to take into consideration the price of 
ferrous scrap in order to maximize profit.  However, this model does serve its purpose to 
prove that the business would, on average, be profitable for dismantling seats. 
Table 23 Sensitivity analysis of the business plan (Neon) 
  Shredded Ferrous 
Scrap PRICE ($CDN) 
per tonne 
Workers  
ELVs 
per year 
Annual Net 
Profit 
3 YR low $212.17 2 9,003 -$34,201.54 
3 YR high $619.65 1 4,501 $9,174.88 
3 YR AVG $348.30 3 13,504 $1,628.52 
2010 AVG $369.12 2 9,003 $2,400.90 
A similar analysis was done on all three vehicles that were disassembled and the results 
are displayed in Table 24.  One of the major challenges in this business model will be the 
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seat dismantler’s ability to acquire seats.  This challenge will be mitigated by the seat 
dismantler operating out of a vehicle dismantler’s facility and could also be alleviated by 
the seat dismantler having good relationships with other local vehicle dismantlers in the 
area. The interesting note that should be taken by the work done in the business plan 
analysis is the large difference between the numbers of vehicles that are required which is 
a result of the difference in dismantling times for the vehicles.  The Caravan only requires 
5,000 vehicles a year; the Neon requires 9,000 while the Intrepid requires 22,500. 
Although 22,500 vehicle for a seat dismantler to acquire may seem high, approximately 
400,000 (RCO, 1999) vehicles are retired each year in Ontario, with 65% of the 
population centred around the Greater Toronto Area (GTA).  It is therefore reasonable to 
assume that a single dismantler in this strategic location could acquire approximately 
22,500 vehicles (or approximately 9% of retired vehicles in the market) to dismantle. 
Table 24 Business plan analysis of all three vehicles 
Statistics Neon Intrepid Caravan 
 
AVERAGE 
Time (min)/ vehicle 26.874 10.764 50.52 
 
29.39 
# of Workers 2 
 
2 
Vehicles/ hour 4.47 11.15 2.38 
 
6 
Vehicles/ year 9,002.01 22,474.92 4,788.60 
 
12,088.51 
Price paid per tonne $369.12 
 
369.12 
tonne per vehicle 0.0267 0.0255 0.0991 
 
0.0505 
      Gross Profit 
     Profit per hour $44.10 $105.14 $86.90 
 
78.72 
Profit per year $88,915.39 $211,969.59 $175,183.62 
 
158,689.53 
      Expenses 
     -Labour $41,328.00 
 
$41,328.00 
-Storage  $1,200.00 
 
$1,200.00 
-Rent $28,800.00 
 
$28,800.00 
-Utilities $15,600.00 
 
$15,600.00 
-Tools $747.43 
 
$747.43 
-Safety Equipment $39.05 
 
$39.05 
TOTAL $87,714.48 
 
$87,714.48 
      Net Profit (1st year) $1,200.91 $124,255.11 $87,469.14 
 
$70,975.05 
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6.2. Business Model with Real World Scenario   
Now that it is known that given the outlined operating conditions the business itself 
would be successful when considering the vehicles included in the study.  It must now be 
determined, given real life conditions, what types of vehicles would get processed 
through the facility and how this would impact the business model. Table 25 outlines that 
percentage of each vehicle class that were sold within Canada in 2006 as well as the 
number that were retired. To fully understand the type of resources that would be 
required at a dismantling facility dedicated to seats, an accurate picture of the types of 
vehicles needs to be determined, as well as their associated dismantling times: 
Table 25 Light vehicle sales and retired vehicles by segment in Canada in 2006 
Vehicle Type Purchased Retired 
Total Light Vehicles 1612430 400,000 
Passenger cards 53.3% 213,200 
-Small 31.3% 125,200 
-Middle 14.7% 58,800 
-Large 2.3% 9,200 
-Luxury 4.6% 18,400 
Light Trucks 47.0% 188,000 
-Van 11.2% 44,800 
-Pickup 15.6% 62,400 
-Sport utility 5.2% 20,800 
-Crossover utility 15.0% 60,000 
 
Table 26 Estimated number of components and connections by vehicle segments 
 
Components Connections 
Vehicle Type Total Req'd Struct Screw Other Fabric Req'd 
Passenger cards 34 32 15 28 19 20 61 
-Small 18 16 4 10 12 24 40 
-Middle 32 29 12 23 17 20 54 
-Large 42 39 20 36 21 16 68 
-Luxury 45 45 25 42 26 20 82 
Light Trucks 52 41 18 73 37 14 84 
-Van 66 47 20 116 56 10 106 
-Pickup 32 29 12 23 17 20 54 
-Sport utility 66 47 20 116 56 10 106 
-Crossover utility 42 39 20 36 21 16 68 
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In order to determine the number of vehicle seats that could be dismantled in a single 
year and how many resources should be planned, it is necessary to determine an 
estimated dismantling time for each vehicle segment.  Table 26 outlines the estimated 
number of components and connections that are present in each vehicle segment.   
For the Passenger car category, as a result of the Neon having such a complex design in 
comparison to the Intrepid and the assumption that most vehicle seats will not be as 
complex as the Neon, the two were swapped in the table.  The Intrepid was used as a 
typical small-sized vehicle and the Neon as the large-sized vehicle.  The middle-sized 
vehicle was assumed to be the average between the small-sized and large-sized sized 
vehicles, while the luxury vehicle was assumed to have more features and therefore more 
components and connections. 
Table 27 Estimated dismantling times for each vehicle segment 
Vehicle Type H cCF IR tDM 
Passenger cards 6.86 155.63 0.94 20.12 
-Small 6.09 72.25 0.89 9.38 
-Middle 6.69 130.75 0.91 16.04 
-Large 7.08 189.25 0.93 23.06 
-Luxury 7.30 230.25 1.00 31.52 
Light Trucks 7.60 269.13 0.79 21.91 
-Van 8.07 378.25 0.71 23.78 
-Pickup 6.69 130.75 0.91 16.04 
-Sport utility 8.07 378.25 0.71 23.78 
-Crossover utility 7.08 189.25 0.93 23.06 
 
For the Light Truck category, the Caravan data was used for both the minivan and sports 
utility vehicle categories as a result of them both having three rows of seating.  The 
pickup category utilized the same component and connection count as that of the middle-
sized vehicle and the crossover vehicles has the same counts as the large-sized vehicles.  
Note that although some crossover vehicles have a third row it was decided to use the 
large-sized vehicle dismantling times to average out those sport utility vehicles that only 
have two rows of seating. 
Using Table 25 and Table 27 along with the expenses as were previously calculated 
(Table 24) a break-even analysis was done to determine the number of vehicle seats that 
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would be required for the business to be successful.  It was calculated that 6,246 vehicle 
seats needed to be dismantled for the business to break-even. 
Table 28 Table outlining the total number of vehicles required to be dismantled to break even 
 
@ Facility 
tDM Annual 
Time Vehicle Type 6246 
Passenger cards 3329 20.12 - 
-Small 1955 9.38 18333 
-Middle 918 16.04 14730 
-Large 144 23.06 3313 
-Luxury 287 31.52 9058 
Light Trucks 2936 21.91 - 
-Van 700 23.78 16636 
-Pickup 974 16.04 15632 
-Sport utility 325 23.78 7724 
-Crossover utility 937 23.06 21603 
 
TOTAL Time (min): 1784 
  
Days: 223 
Table 29 Estimated annual revenue and diverted SR from each vehicle segment 
Vehicle Type Est 
Curb 
WT 
Est. % 
of ASR 
Kg of 
ASR 
Kg of 
Ferrous 
Annual 
SR 
Diverted 
Annual 
Revenue Passenger cards 
-Small 1000 0.10 14.00 20.40 27,369.97 14,722.03 
-Middle 1400 0.10 19.60 28.56 17,995.98 9,679.85 
-Large 1600 0.10 22.40 32.64 3,217.94 1,730.90 
-Luxury 1600 0.12 26.88 32.64 7,723.05 3,461.79 
Light Trucks - - - - - - 
-Van 1800 0.15 37.80 36.72 26,443.07 9,482.30 
-Pickup 1800 0.15 37.80 36.72 36,831.41 13,207.49 
-Sport utility 2000 0.15 42.00 40.80 13,641.26 4,891.66 
-Crossover utility 1400 0.15 29.40 28.56 27,544.86 9,877.40 
    
Total: 160,768 $    67,053.42 
Using the number of workers as the independent variable, and utilizing their working 
hours to the maximum efficiency, Table 31 identifies all potential profits generated from 
the business.  It is assumed that the business could not operate on too large of a scale as a 
result of inventory costs, seat availability, and transportation costs.  Therefore, the 
analysis was stopped at 5 workers dismantling 35,250 vehicle seats. 
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Table 30 Estimated expenses and profit 
Expenses 
 -Labour $20,664.00 
-Storage  $1,200.00 
-Rent $28,800.00 
-Utilities $15,600.00 
-Tools $747.43 
-Safety Equip $39.05 
TOTAL $67,050.48 
  Profit $2.94 
Table 31 Identifies all possible scenarios for the business model and the related profits 
Workers 1 2 3 4 5 
Vehicles 7,050 14,000 21,150 28,200 35,250 
SR Diverted (kg) 181,462 360,350 544,386 725,848 907,310 
Ferrous Revenue 75,684.70 150,295.85 227,054.09 302,738.79 378,423.49 
Expenses 67,050.48 87,714 125,028.48 162,342 199,656 
 Profit  $8,634.22 $62,581.37 $102,025.61 $140,396.31 178,767.01 
6.3. Business Model with Polyurethane Scenario 
The reasons that the business model did not originally incorporate the used PU foam as a 
revenue stream, as was previously mentioned, is a result of possibility of locating a 
dedicated PU facilities within the area and their ability to accept ELV foam that has not 
been cleaned, as a raw material.  It is however necessary to determine the impacts that the 
PU foam would have on the business model if selling it to a customer becomes an option.  
Table 32 outlines the historical prices that baled PU is sold at, which averages at 26.78 
Canadian cents per kg. 
Seeing as though the PU foam would require to be baled (compressed), a baler would be 
required to be purchased, which would cost approximately $10,000. The return on this 
investment would be less than 6 months depending on the quantity of vehicles being 
dismantled.  Considering the following (using the Neon as an example): 
− 9.452 kg of PU per vehicle @ $0.2678/kg 
− Profit of $2.53 per vehicle 
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− 9,000 vehicles disassembled per year = $22,786.30 in profit from baled PU 
In other words, selling the PU foam present within the vehicle seats could result in an 
increase in revenue by up to 44% depending on the amount of PU present in the 
disassembled seats.  
Table 32 Historical baled PU foam prices (RecycleNet, 2010) 
 
AVG PRICE 
(USD$/lb) 
Exchange 
rates 
AVG 
PRICE 
(CDN$/kg) 
Jan-10 $0.5674 1.0427 $0.2684 
Feb-10 $0.5721 1.05611 $0.2741 
Mar-10 $0.5732 1.02363 $0.2662 
Apr-10 $0.5723 1.00447 $0.2608 
May-10 $0.5719 1.03967 $0.2697 
Jun-10 $0.5663 1.03819 $0.2667 
Jul-10 $0.5668 1.04334 $0.2682 
Aug-10 $0.5719 1.03991 $0.2698 
Sep-10 $0.5723 1.0344 $0.2685 
Oct-10 $0.5758 1.01833 $0.2660 
 
 AVERAGE $0.2678 
At this hypothetical point in the business plan’s development the potential of PU 
recycling is considered a possibility; this would not be the case if the business was put 
into operation.  At this point, the business model is only designed to present the 
opportunities available within vehicle recycling and the potential benefits a business 
owner could develop through such an endeavour.   The whole basis of this business is 
dependent on government legislation that requires the PU and plastic based components 
in vehicles to be recycled.  If this legislation is not created, vehicle dismantlers will not 
willingly give away the vehicle seats, considering they currently represent a significant 
source of income.  The PU generated income was not considered as part of the original 
business plan because it is still unknown whether re-bonding facilities, or any type of PU 
recycling facilities will pay (or even accept) this used PU. 
The ideal scenario for automotive manufacturers, if EPR was put into effect, would be to 
implement closed-loop recycling for all the plastic based components present in the 
vehicle.  The PU foam along with fabrics from the seats could be re-bonded and utilized 
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as sound dampening material in vehicles. Re-bonding is a process in which scrap PU 
foam is shredded and an adhesive mixture is used to re-bond the materials.  Although re-
bonding has typically been used as carpet underlay or for athletic mats, it has been proven 
to be an effective sound dampening material (Parikh, Chen & Sun, 2006). The remaining 
plastics in the vehicle seats could potentially be remanufactured as similar parts in newer 
model vehicles. Government backed legislation could also help to create new niche 
markets for this recycled PU and plastics from the vehicle seats as was previously 
discussed (Plastic Recycling Section). 
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CHAPTER 7 
CONCLUSIONS  
Recycling in Canada is a profit driven business and is typically performed by small to 
medium size business enterprises.  There are regulations that require dismantlers to 
remove substances harmful to the environment and shredding equipment, but not SR. 
With the hypothesis that a significant amount of SR is comprised of materials present in 
vehicle seats, a systems approach was taken to investigate the viability of recycling.   
Through visiting a vehicle seat assembly facility and by doing an extensive vehicle seat 
teardown analysis little similarities were found in vehicle seat designs.  Indefinite 
similarities were found between the various vehicle seat structures and interfaces between 
the vehicle frame however nothing was found to be concrete enough to design a 
standardized disassembly or dismantling process based upon. 
An understanding of the material composition and interfaces is necessary to distinguish 
between disassembly and dismantling operations for the vehicle seats as there are 
practical issues related to both operations.  This information was found through a 
thorough the teardown analysis and the disassembly and dismantling times were 
calculated using MOST.  From analyzing both these calculations and several heuristic 
complexity calculation methods, a model that can be readily understood and utilized by 
the actors involved in this work was developed to estimate the disassembly and 
dismantling times prior to a physical teardown. 
The model requires the number of components and connections to be counted and 
although some are hidden beneath the seat cover, the majority can be counted through a 
visual inspection of the seat.  The model was found to calculate the disassembly times 
within 89 seconds of the actual amount, and for dismantling within 48 seconds with 90% 
accuracy.   A case study was conducted to determine the accuracy in estimating the 
number of components and connections that cannot be counted through a visual 
inspection.  It was found that the accuracy of the estimation is dependent on the 
knowledge of the user doing the visual inspection and miscounting components could 
result in skewed estimated process times. Guidance is given to assist in counting the 
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hidden components and connections that cannot be counted during the physical 
inspection.  
The associated dismantling times were estimated and applied to the business model 
across various vehicle segments. Assumptions were made relating to factors that 
influence the business: labour, facilities and potential revenues.  These factors will vary 
based on regional regulatory guidelines and market forces; within the Ontario market the 
business was found to be marginally viable when tested using the vehicle with the lowest 
rate of recovery of ferrous metal per minute.   Additionally, the business was tested with 
a more accurate depiction of the retired vehicles in Ontario, and under the same 
conditions the business model was found to be profitable in excess of $60,000.  
If PU foam could be sold to manufacturers, it could potentially increase business profits 
up to 44%.  A bottleneck may be found when finding a dedicated re-bonding facility in 
the area and although the PU foam could present an additional source of income the 
ability to find a customer could be supplemented through decreasing this profit margin. 
The generation of markets for PU foam could also become a reality through a change in 
legislation.  In the event that WDA 2002 is passed and automotive recyclers have to meet 
strict recycling targets, the government could develop grants to help businesses develop 
that recycle SR materials into new products.   
7.1. Future Work 
With the modifications that were done to the heuristic complexity approach, enabling it to 
be expanded into the disassembly time domain, opens up several windows for new 
research.  Initially further work needs to be done to assess whether the model is 
expandable to all vehicle producers and is not just exclusive to Chrysler vehicles.  As a 
result of few similarities being realized through the three vehicles that were disassembled 
it is believed this will be possible, it may also be necessary to find other trends in vehicle 
seat design.  A subsequent hypothesis is that the trend lies in the geographical region in 
which the vehicle itself is assembled/manufactured which identifies how the vehicle seats 
were sourced.  For example, all vehicles produced within the area of Company XYZ’s 
vehicle seat assembly facility will have the same style seats as those that were observed 
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in the benchmarking analysis.  Once this has been established, it could be further 
analyzed to determine if the model has potential to be developed into a comprehensive 
tool to be used by vehicle dismantlers for all assemblies present within a vehicle.    
Vehicle dismantling operations typically function as small to medium level enterprises.  
The reason vehicle dismantlers do not operate at a higher level is a result of the business 
being very difficult to develop accurate aggregate planning.  If a business were to operate 
on a larger scale, a large amount of space would be required to hold both incoming and 
outgoing inventories.  For this type of tool to be available to vehicle dismantlers, it has 
the potential to enable more accurate planning of incoming inventory levels.  This tool 
combined with demand forecasting could assist dismantlers to operate at a higher 
efficiency and make possible larger scale dismantling operations.  Additionally, the 
results of the vehicle seat teardown could be further developed to establish best practice 
principles to assist dismantlers on how to disassemble vehicle seats.  
Regardless of changes in government, market conditions, or vehicle design the 
parameters of the developed business model will stay predominantly the same, the only 
difference will be with respect to the data.  Further research will be required to compare 
the cost effectiveness of pre-shredder versus post-shredder SR recycling.  Little research 
has been done focusing on pre-shredder SR recycling within the North American market 
in comparison to the amount done on post-shredder solutions.  This will be essential to 
determine which SR solution to pursue, once SR is required to be diverted from landfill. 
Once the SR has been diverted from landfill a viable stream must be developed to divert 
the nonmetal content.  While rubber, glass, fabrics and textiles represent a significant 
portion of the SR, plastic represents the biggest challenge in how to divert.  The 
development of an economical plastic recycling method or a business that accepts plastic 
vehicle components as raw material is crucial to the success of the developed business 
model.  With the recent trend of consumer interests in “Green” products and potential for 
government support, the development of an industry willing to accept recycled 
automotive plastics is becoming more of a reality. 
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Disassembly Structure for 2001 Dodge Neon 
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Dismantling Structure for 2001 Dodge Neon 
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Vehicle Breakdown Statistic Summary 
Table 33 Summary statistics of 2001 Dodge Neon Breakdown 
 
Part Information Weights of Parts & Materials (g) Percent Weight of Part Percent Weight of Complete Vehicle, With Fluids 
 
Part 
Type Assembly Overall Metals Fabric Foam Plastic Other Metals 
Non-
Metals Part Metals 
Non-
Metals 
20
01
 D
od
ge
 N
eo
n 
Back 
Seat 
(bench) 
Bench seat upper frame 4,853 801 1,000 52 3,000 0 16.51% 83.49% 
1.46% 0.33% 1.14% 
Bench seat upper left  2,654 644 410 400 1,200 0 24.27% 75.73% 
-Head Rest 893 560 96 200 37 0 62.71% 37.29% 
Bench seat upper right  3,736 326 610 800 2,000 0 8.73% 91.27% 
-Head Rest 893 560 96 200 37 0 62.71% 37.29% 
Bench seat lower  4,417 1,017 800 2,600 0 0 23.02% 76.98% 
Total 17,446 3,908 3,012 4,252 6,274 0 22.40% 77.59% 
Driver 
Seat 
Driver seat upper  5,911 4,111 800 1,000 0 0 69.55% 30.45% 
1.35% 0.98% 0.37% 
-Head rest 700 367 96 200 37 0 52.43% 47.57% 
Driver seat lower  9,509 7,197 600 1,400 312 0 75.69% 24.31% 
Total 16,120 11,675 1,496 2,600 349 0 72.43% 27.57% 
Pass. 
Seat 
Driver seat upper  5,616 4,016 600 1,000 0 0 71.51% 28.49% 
1.29% 0.94% 0.35% 
-Head rest 700 367 96 200 37 0 52.43% 47.57% 
Driver seat lower  9,004 6,793 500 1,400 311 0 75.44% 24.56% 
Total 15,320 11,176 1,196 2,600 348 0 72.95% 27.05% 
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Table 34 Summary statistics of 2001 Dodge Intrepid Breakdown 
 
Part Information Weights of Parts & Materials (g) Percent Weight of Part Percent Weight of Complete Vehicle, With Fluids 
 
Part 
Type Assembly Overall Metals Fabric Foam Plastic Other Metals 
Non-
Metals Part Metals 
Non-
Metals 
20
01
 D
od
ge
 In
tr
ep
id
 
Back 
Seat 
(bench) 
Bench seat upper frame 10,200 2,800 1,200 4,800 0 1,400 27.45% 58.82% 
1.03% 0.16% 0.42% Bench seat lower portion 6,000 1,200 1,000 3,800 0 0 20.00% 80.00% 
Total 16,200 4,000 2,200 8,600 0 1,400 24.69% 75.31% 
Driver 
Seat 
Driver seat upper 
portion 4,717 2,717 600 1,400 0 0 57.60% 42.40% 
0.97% 0.42% 0.17% 
-Head rest 683 437 89 157 0 0 63.98% 36.02% 
Driver seat lower 
portion 9,857 7,631 400 1,400 426 0 77.42% 22.58% 
Total 15,257 10,785 1,089 2,957 426 0 70.69% 29.31% 
Pass. 
Seat 
Driver seat upper 
portion 4,701 2,701 600 1,400 0 0 57.46% 42.54% 
0.95% 0.42% 0.17% 
-Head rest 681 437 90 154 0 0 64.17% 35.83% 
Driver seat lower 
portion 9,652 7,628 400 1,200 424 0 79.03% 20.97% 
Total 15,034 10,766 1,090 2,754 424 0 71.61% 28.39% 
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Table 35 Summary statistics of 2001 Chrysler Caravan Breakdown 
 
Part Information Weights of Parts & Materials (g) Percent Weight of Part Percent Weight of Complete Vehicle, With Fluids 
 
Part 
Type Assembly Overall Metals Fabric Foam Plastic Other Metals 
Non-
Metals Part Metals 
Non-
Metals 
20
01
 C
hr
ys
le
r 
C
ar
av
an
 
Driver 
Seat 
Driver seat upper portion 7,101 4,437 600 1,319 745 0 62.48% 37.52% 
1.17% 0.87% 0.30% 
-Head rest 716 460 90 166 0 0 64.25% 35.75% 
Driver seat lower portion 12,990 10,609 1,200 600 581 0 81.67% 18.33% 
Total 20,807 15,506 1,890 2,085 1,326 0 74.52% 25.48% 
Pass. 
Seat 
Driver seat upper portion 7,101 4,437 600 1,319 745 0 62.48% 37.52% 
1.17% 0.87% 0.30% 
-Head rest 716 460 90 166 0 0 64.25% 35.75% 
Driver seat lower portion 12,990 10,609 1,200 600 581 0 81.67% 18.33% 
Total 20,807 15,506 1,890 2,085 1,326 0 74.52% 25.48% 
Middle 
Seat  
(left) 
Driver seat upper portion 11,398 7,866 600 1,238 1,694 0 69.01% 30.99% 
1.35% 0.98% 0.37% 
-Head rest 716 460 90 166 0 0 64.25% 35.75% 
Driver seat lower portion 11,760 9,068 400 1,200 1,092 0 77.11% 22.89% 
Total 23,874 17,394 1,090 2,604 2,786 0 72.86% 27.14% 
Middle 
Seat 
(right) 
Driver seat upper portion 11,398 7,866 600 1,238 1,694 0 69.01% 30.99% 
1.35% 0.98% 0.37% 
-Head rest 716 460 90 166 0 0 64.25% 35.75% 
Driver seat lower portion 11,760 9,068 400 1,200 1,092 0 77.11% 22.89% 
Total 23,874 17,394 1,090 2,604 2,786 0 72.86% 27.14% 
Back 
Seat 
(bench) 
Bench seat upper frame 24,470 13,920 2,500 5,000 50 3,000 56.89% 43.11% 
2.76% 1.88% 0.71% 
-Head Rests (x2) 1,432 920 180 332 0 0 64.25% 35.75% 
Bench seat lower portion 22,983 18,473 1,000 2,400 1,110 0 80.38% 19.62% 
Total 48,885 33,313 3,680 7,732 1,160 3,000 68.15% 31.85% 
 
    94  
 
 
 
Table 36 Detailed disassembly information for 2001 Dodge Neon front driver and passenger bucket seats 
No. Sub-assembly Part WT (g) Comments Total WT 
1 Side Panel Panel 92  
 
 
 
 
102 Screws x 2 @ 5g ea 10 
2 Reclining Lever Lever 60 
66 Screw  6 
3 Buckle 
Assembly 
Bolt  38 
262 Metal Washer 4 
Buckle 220 
4 Connecting 
Joint* 
Right bolt that attaches top of seat to 
bottom 
21  
 
1201 Left side bolts @ 15 g ea 30 
Reclining Assembly Joint 1118 
2 x Screws @ 16g ea 32 
5 Upper Seat** Upper Seat Material 800  
 
5400 
Foam 1000 
Frame 2910 
Headrest * 690 
6 Bottom Seat 
Material 600  
 
9000 
Tracking 5000 
Foam 1400 
Bottom Frame 2000 
Screws x 2 @ 7g ea 14 
Spring 65 
*After 2 Bolts are removed the reclining assembly remains attached to the top portion of the seat, removal of 2 more screws separates it.  
**Number is an estimate from headrest in the back seat.  Needed to cut the material around headrest to disassemble because headrest isn't easily removed. Thin 
layer of plastic around frame. 
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Table 37 Detailed disassembly information for 2001 Dodge Neon rear bench seat 
No. Sub-assembly Part WT (g) Comments Total WT 
1 Right Mounting Bracket 
Bracket 253   
  269 Screw x 3 12 
Spring x2 4 
2 Left Mounting Bracket 
Bracket 251 
267 Screw x 3 12 
Spring x2 4 
3 Bolts x 2 @ 26 & 27g 53  53 
4 Frame 
Right bottom mounting bracket 197 
  
4264 
Screws x 3 15 
Cushioning foam on bar of frame 52 
Material + Zipper 1000 
Plastic 3000 
5 Left Seat 
Left bottom mounting bracket 307 
 
 
3547 
Screws x 3 9 
Foam 400 
Material  400 
Head rest material 96 
Plastic HR adjuster 19 
Plastic HR clip 18 
Metal HR frame 367 
Foam 200 
Metal Bracket Connecting HR 165 
-Screws x 4 @ 7g ea 28 
Bracket that pulls down chair 109 
Material 10 Mounting Bracket 
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Screws x 2 @ 6g ea 12 
Left Bracket that connects long rod into 
frame 70 
Screws x 3 @ 6g ea 18 
Right bracket that connects long rod 
into frame 101 
Screws x 3 @ 6g ea 18 
Plastic Chair Backing 1200 
6 Right Seat 
Foam 800 
  
4619 
Head Rest Bracket front 87 
Head Rest Bracket Back 78 
Screws x 4 @ 7g ea 28 
Headrest 690 
Bracket that pulls down chair 142 
Material 10 
Screws x 2 @ 6g ea 12 
Bolt that connects long rod into frame 70 
Screws x 3 @ 6g ea 18 
Bracket from right side 66 
Screws x 3 @ 6g ea 18 
Plastic 2000 
Material 600 
7 Bottom 
Hog Rings 17 
  4417 
Material 800 
Foam 2600 
Inlayed metal frame 1000 
 
 
 
Head rest assembly 
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2001 Chrysler Neon: MOST Driver & Passenger Disassembly Times 
Sub Operation 1: Separate Top of Seat from Bottom   
 Step Method Description Sequence Model TMUs Time (sec) 
 1 Put seat on its side on workstation A3 B6 G3 A3 B0 P3 A0 180 6.48 
* 2 Remove bolt on connecting joint A1 B0 G1 A1 B3 P3 L54 A3 670 24.12 
 3 Rotate seat on workstation A1 B0 G3 A1 B0 P3 A0 80 2.88 
* 4 Remove bolt on connecting joint A1 B0 G1 A1 B3 P3 L54 A3 670 24.12 
 5 Put seat bottom away A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1740 62.64 
Sub Operation 2: Remove Fabric From Seat    
 Step Method Description Sequence Model TMUs Time (sec) 
 1 Remove fabric with utility knife A1 B0 G1 A1 B3 P1 C24 A1 330 11.88 
 2 Pull fabric off seat A1 B0 G3 M3 X0 I0 A0 70 2.52 
 3 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 4 Place foam in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 680 24.48 
Sub Operation 3: Remove Head Rest Assembly    
 Step Method Description Sequence Model TMUs Time (sec) 
* 1 Open head rest height adjuster with hammer A1 B0 G1 A1 B0 P1 L6 A0 B0 P1 A0 110 3.96 
 2 Remove spring clip in head rest A1 B0 G3 A1 B0 P3 A0 80 2.88 
 3 Remove head rest from frame A1 B0 G3 A1 B0 P1 A0 60 2.16 
 4 Put plastic clips in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 5 
Remove fabric from head rest with utility 
knife A1 B0 G1 A1 B0 P1 C10 A1 B0 P1 A0 160 5.76 
 6 Pull fabric off head rest A1 B0 G1 M3 X0 I0 A0 50 1.8 
 7 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
* 8 Pull foam off frame and place in bin A1 B0 G1 A1 B0 P3 C54 A3 B0 P3 A0 660 23.76 
 9 Place metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1540 55.44 
Sub Operation 4: Remove Reclining Assembly    
 Step Method Description Sequence Model TMUs Time (sec) 
 1 Remove screws from reclining assembly A1 B0 G1 A1 B0 P3 L16 A1 B0 P1 A0 240 8.64 
 2 Place reclining assembly in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 3 Place seat frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 520 18.72 
      
 Step Method Description Sequence Model TMUs Time (sec) 
 1 Put lower portion of seat on workstation A3 B6 G3 A3 B0 P1 A0 160 5.76 
 2 Remove side panel (2 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 360 12.96 
 3 Place panel in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 4 Rotate seat on workstation A1 B0 G3 A1 B0 P3 A0 80 2.88 
 5 Remove side panel (2 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 360 12.96 
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6 140 5.04 
 7 Remove reclining lever A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 3 MIN 7 SEC 
 8 Place lever in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
* 9 Remove buckle assembly A1 B0 G1 A1 B0 P3 L32 A1 B0 P1 A0 400 14.4 
 10 Place buckle in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1920 69.12 
Sub Operation 6: Remove Fabric From Seat    
 Step Method Description Sequence Model TMUs Time (sec) 
 1 Remove fabric with utility knife A1 B0 G1 A1 B0 P1 C16 A1 B0 P1 A0 220 7.92 
 2 Pull fabric off seat (4 clips) A1 B0 G1 M3 X0 I0 A0 200 7.2 
 3 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 4 Place foam in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 700 25.2 
Sub Operation 7: Remove Tracking from Seat    
 Step Method Description Sequence Model TMUs Time (sec) 
 1 Position seat upside down A1 B0 G1 A1 B0 P3 A0 60 2.16 
 2 
Remove 2 screws connecting tracking to 
frame A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 360 12.96 
 3 Place tracking in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 560 20.16 
Sub Operation 8: Remove Support Structure from Frame   
 Step Method Description Sequence Model TMUs Time (sec) 
 1 
Remove spring connecting support structure 
(x6) A1 B0 G1 A1 B0 P1 L6 A1 B0 P1 A0 720 25.92 
 2 Place support structure in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 3 Place frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1000 36 
   FINAL TOTAL 5 MIN 19 SEC 
      
2001 Chrysler Neon: MOST Driver & Passenger Dismantling Times 
Sub Operation 1: Remove Fabric From Seat (upper)   
 Step Method Description Sequence Model TMUs Time (sec) 
 1 Put seat on its side on workstation A3 B6 G3 A3 B0 P3 A0 180 6.48 
 1 Remove fabric with utility knife A1 B0 G1 A1 B3 P1 C24 A1 330 11.88 
 2 Pull fabric off seat A1 B0 G3 M3 X0 I0 A0 70 2.52 
 3 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 4 Place foam in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 860 30.96 
Sub Operation 3: Remove Head Rest Assembly    
 Step Method Description Sequence Model TMUs Time (sec) 
* 1 Open head rest height adjuster with hammer A1 B0 G1 A1 B0 P1 L6 A0 B0 P1 A0 110 3.96 
 2 Remove spring clip in head rest A1 B0 G3 A1 B0 P3 A0 80 2.88 
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 3 Remove head rest from frame A1 B0 G3 A1 B0 P1 A0 60 2.16 
 4 Put plastic clips in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 5 
Remove fabric from head rest with utility 
knife A1 B0 G1 A1 B0 P1 C10 A1 B0 P1 A0 160 5.76 
 6 Pull fabric off head rest A1 B0 G1 M3 X0 I0 A0 50 1.8 
 7 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
* 8 Pull foam off frame and place in bin A1 B0 G1 A1 B0 P3 C54 A3 B0 P3 A0 660 23.76 
 9 Place metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1540 55.44 
Sub Operation 5: Remove Accessories    
 Step Method Description Sequence Model TMUs Time (sec) 
 1 Put lower portion of seat on workstation A3 B6 G3 A3 B0 P1 A0 160 5.76 
 2 Remove side panel (2 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 360 12.96 
 3 Place panel in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 4 Rotate seat on workstation A1 B0 G3 A1 B0 P3 A0 80 2.88 
 5 Remove side panel (2 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 360 12.96 
 6 Place panel in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 7 Remove reclining lever A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 180 6.48 
 8 Place lever in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
* 9 Remove buckle assembly A1 B0 G1 A1 B0 P3 L32 A1 B0 P1 A0 400 14.4 
 10 Place buckle in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 2100 75.6 
Sub Operation 6: Remove Fabric From Seat    
 Step Method Description Sequence Model TMUs Time (sec) 
 1 Remove fabric with utility knife A1 B0 G1 A1 B0 P1 C16 A1 B0 P1 A0 220 7.92 
 2 Pull fabric off seat (4 clips) A1 B0 G1 M3 X0 I0 A0 200 7.2 
 3 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 4 Place foam in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 700 25.2 
TOTAL: 5200 187.2 
   FINAL TOTAL 3 MIN 7 SEC 
2001 Chrysler Neon: MOST Bench Seat Disassembly & Dismantling Times 
Sub Operation 1: Separate Frame from Right and Left Seats   
 Step Method Description Sequence Model TMUs Time (sec) 
 1 
Position upper portion of seat on 
workstation A3 B6 G3 A3 B0 P3 A0 180 6.48 
 2 
Remove screw joining frame to left and 
right seat A1 B0 G1 A1 B0 P3 L16 A1 B0 P1 A0 240 8.64 
 3 Rotate seat on workstation A1 B0 G3 A1 B0 P3 A0 80 2.88 
 4 
Remove screw joining frame to left and 
right seat A1 B0 G1 A1 B0 P3 L16 A1 B0 P1 A0 240 8.64 
 5 Place left seat aside A1 B0 G1 A3 B3 P3 A3 140 5.04 
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 6 Place right seat aside A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1020 36.72 
Sub Operation 2: Remove Mounting Clips (x2)    
 Step Method Description Sequence Model TMUs Time (sec) 
 1 Remove right mounting clip A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 540 19.44 
 2 Place mounting clip in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 3 Move to left mounting clip A3 B0 G0 A0 B0 P0 A0 30 1.08 
 4 Remove left mounting clip A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 540 19.44 
 5 Place mounting clip in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1390 50.04 
Sub Operation 3: Remove Hog Rings Along Frame Perimeter to Remove Fabric   
 Step Method Description Sequence Model TMUs Time (sec) 
* 1 Remove hog rings along perimeter using pliers (34) A1 B0 G1 A1 B0 P3 L6 A1 B0 P1 A0 4760 171.36 
 2 Remove fabric from seat A1 B0 G1 M3 X0 I0 A0 50 1.8 
 3 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 4 Place cushioning foam in bin A1 B0 G3 A3 B3 P3 A3 160 5.76 
 5 Place seat frame in bin A1 B0 G1 A3 B3 P3 A3 160 5.76 
TOTAL: 5270 189.72 
Sub Operation 4: Remove Mounting Brackets (x2)    
 Step Method Description Sequence Model TMUs Time (sec) 
 1 Remove right mounting bracket A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 540 19.44 
 2 Place mounting clip in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 3 Move to left mounting bracket A3 B0 G0 A0 B0 P0 A0 30 1.08 
 4 Remove left mounting clip A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 540 19.44 
 5 Place mounting clip in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1390 50.04 
Sub Operation 5: Remove Seat Material (Velcro)    
 Step Method Description Sequence Model TMUs Time (sec) 
 1 Put left hand side seat back on workstation A3 B6 G3 A3 B0 P1 A0 160 5.76 
 2 Remove fabric from seat (3 pulls) A1 B0 G3 M3 X0 I0 A0 210 7.56 
 3 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 4 Place seat foam in bin A1 B0 G3 A3 B3 P3 A3 160 5.76 
TOTAL: 670 24.12 
Sub Operation 6: Remove Head Rest Assembly and Disassemble   
 Step Method Description Sequence Model TMUs Time (sec) 
 1 
Remove screws connecting head rest to seat 
back A1 B0 G1 A1 B0 P3 L6 A1 B0 P1 A0 720 25.92 
 2 Place head rest brackets in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 3 
Remove fabric from head rest with utility 
knife A1 B0 G1 A1 B0 P1 C10 A1 B0 P1 A0 160 5.76 
 4 Pull fabric off head rest A1 B0 G1 M3 X0 I0 A0 50 1.8 
 5 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
* 6 Pull foam off frame and place in bin A1 B0 G1 A1 B0 P3 C54 A3 B0 P3 A0 660 23.76 
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 7 Place metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 2010 72.36 
Sub Operation 7: Remove Bracket that Pulls Chair 
Down    
 Step Method Description Sequence Model TMUs Time (sec) 
 1 Remove bracket that pulls chair down A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 360 12.96 
 2 Cut material off bracket A1 B0 G1 A1 B0 P3 C10 A1 B0 P1 A0 180 6.48 
 3 Place bracket in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 4 Place material in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 820 29.52 
Sub Operation 8: Remove Bracket that Connects to Frame   
 Step Method Description Sequence Model TMUs Time (sec) 
 1 
Remove bracket that connects all seats to 
frame (right) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 540 19.44 
 2 
Remove bracket that connects all seats to 
frame (left) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 540 19.44 
 3 Place brackets in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 4 Place plastic chair backing in bin A1 B0 G3 A3 B3 P3 A3 160 5.76 
TOTAL: 1380 49.68 
Sub Operation 9: Remove Seat Material (Velcro)    
 Step Method Description Sequence Model TMUs Time (sec) 
 1 Put left hand side seat back on workstation A3 B6 G3 A3 B0 P1 A0 160 5.76 
 2 Remove fabric from seat (3 pulls) A1 B0 G3 M3 X0 I0 A0 210 7.56 
 3 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 4 Place seat foam in bin A1 B0 G3 A3 B3 P3 A3 160 5.76 
TOTAL: 670 24.12 
Sub Operation 10: Remove Head Rest Assembly and Disassemble   
 Step Method Description Sequence Model TMUs Time (sec) 
 1 
Remove screws connecting head rest to seat 
back A1 B0 G1 A1 B0 P3 L6 A1 B0 P1 A0 720 25.92 
 2 Place head rest brackets in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 3 
Remove fabric from head rest with utility 
knife A1 B0 G1 A1 B0 P1 C10 A1 B0 P1 A0 160 5.76 
 4 Pull fabric off head rest A1 B0 G1 M3 X0 I0 A0 50 1.8 
 5 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
* 6 Pull foam off frame and place in bin A1 B0 G1 A1 B0 P3 C54 A3 B0 P3 A0 660 23.76 
 7 Place metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 2010 72.36 
Sub Operation 11: Remove Bracket that Pulls Chair Down   
 Step Method Description Sequence Model TMUs Time (sec) 
 1 Remove bracket that pulls chair down A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 360 12.96 
 2 Cut material off bracket A1 B0 G1 A1 B0 P3 C10 A1 B0 P1 A0 180 6.48 
 3 Place bracket in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 4 Place material in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 820 29.52 
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Sub Operation 12: Remove Bracket that Connects to Frame   
 Step Method Description Sequence Model TMUs Time (sec) 
 1 
Remove bracket that connects all seats to 
frame (right) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 540 19.44 
 2 
Remove bracket that connects all seats to 
frame (left) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 540 19.44 
 3 Place brackets in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 4 Place plastic chair backing in bin A1 B0 G3 A3 B3 P3 A3 160 5.76 
TOTAL: 1380 49.68 
Sub Operation 13: Remove Hog Rings Along Seat Perimeter to Remove Fabric   
 Step Method Description Sequence Model TMUs Time (sec) 
* 1 Remove hog rings along perimeter using pliers (34) A1 B0 G1 A1 B0 P3 L6 A1 B0 P1 A0 4760 171.36 
 2 Remove fabric from seat A1 B0 G1 M3 X0 I0 A0 50 1.8 
 3 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 4950 178.2 
Sub Operation 14: Remove Foam from Metal Frame   
 Step Method Description Sequence Model TMUs Time (sec) 
* 1 
Using utility knife cut and remove foam 
from frame piece by piece and place in bin 
(between 40-70 repetitions) 
A1 B0 G1 A1 B0 P1 C6 A3 B3 P3 A0 10450 376.2 
 3 Place metal frame in bin A1 B0 G3 A3 B3 P3 A3 160 5.76 
TOTAL: 10610 381.96 
   FINAL TOTAL: 20MIN 39 SEC 
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Table 38 Detailed disassembly information for 2001 Dodge Intrepid front driver and passenger bucket seats 
Number Sub-assembly Part 
Weight 
(g) Comments 
Total 
Weight 
1 Reclining Lever 
Lever 35 
 
 
37 
Screw 2 
2 Safety Buckle 
Buckle 227  
 247 
Screw 20 
3 Side Panel 
Panel 164 
 
 
173 
Screws x 3 @ 3g ea 9 
4 Top Seat 
Hinge Screw x 2 105 
 
4822 
Material 600 
Frame 2717 
Foam 1400 
5 Head Rest 
Metal frame 437 
  683 Fabric 89 
Foam 157 
6 Bottom Seat 
Track Base 6600  
 
9400 
Material 400 
Foam 1400 
Metal Bucket 1000 
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Table 39 Detailed disassembly information for 2001 Dodge Intrepid rear bench seat 
Number Sub-assembly Part Weight (g) Comments Total Weight 
1 Top 
Back material cork board 1400 
 
10200 
Material 1200 
Wire frame 2800 
Foam 4800 
2 Bottom 
Frame 1200 
 
6000 Material 1000 
Foam 3800 
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2001 Chrysler Intrepid: MOST Driver & Passenger Disassembly Times 
Sub Operation 1: Remove Accessories    
Step Method Description Sequence Model TMUs Time (sec) 
 1 Put seat on workstation A3 B6 G3 A3 B0 P1 A0 160 5.76 
 2 Remove side panel (3 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 540 19.44 
 3 Place panel in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 7 Remove reclining lever (2 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 360 12.96 
 8 Place lever in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
* 9 Remove buckle assembly A1 B0 G1 A1 B0 P3 L32 A1 B0 P1 A0 400 14.4 
 10 Place buckle in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1880 67.68 
Sub Operation 2: Separate Top of Seat from 
Bottom    
  Step Method Description Sequence Model TMUs Time (sec) 
* 1 Remove bolt on connecting joint A1 B0 G1 A1 B3 P3 L54 A3 670 24.12 
 2 Rotate seat on workstation A1 B0 G3 A1 B0 P3 A0 80 2.88 
* 3 Remove bolt on connecting joint A1 B0 G1 A1 B3 P3 L54 A3 670 24.12 
 4 Put seat bottom away A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1560 56.16 
Sub Operation 3: Remove Head Rest Assembly    
  Step Method Description Sequence Model TMUs Time (sec) 
 1 Remove head rest from frame (pinch) A1 B0 G3 A1 B0 P1 A0 60 2.16 
 2 Place upper metal frame into bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 2 Put plastic clips in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 3 Remove fabric from head rest with utility knife A1 B0 G1 A1 B0 P1 C10 A1 B0 P1 A0 160 5.76 
 4 Pull fabric off head rest A1 B0 G1 M3 X0 I0 A0 50 1.8 
 5 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
* 6 Pull foam off frame and place in bin A1 B0 G1 A1 B0 P3 C54 A3 B0 P3 A0 660 23.76 
 7 Place metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1490 53.64 
Sub Operation 4: Remove Fabric From Seat    
  Step Method Description Sequence Model TMUs Time (sec) 
 1 Remove fabric with utility knife A1 B0 G1 A1 B3 P1 C24 A1 330 11.88 
 2 Pull fabric off seat A1 B0 G3 M3 X0 I0 A0 70 2.52 
 3 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 4 Place foam in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 5 Pinch and remove head rest pins A1 B0 G1 M1 X0 I1 A1 100 3.6 
 6 Place head rest pins in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 680 33.12 
Sub Operation 5: Remove Fabric From Seat    
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Put lower portion of seat on workstation A3 B6 G3 A3 B0 P1 A0 160 5.76 
 2 Remove track base from bottom of seat (4 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 720 25.92 
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 3 Place track base into bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 4 Remove fabric with utility knife A1 B0 G1 A1 B0 P1 C16 A1 B0 P1 A0 220 7.92 
 5 Pull fabric off seat (4 clips) A1 B0 G1 M3 X0 I0 A0 200 7.2 
 6 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 7 Place foam in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 8 Place metal bucket frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1860 66.96 
   FINAL TOTAL 4 minutes 38 secs 
      
2001 Chrysler Intrepid: MOST Driver & Passenger Dismantling Times 
Sub Operation 1: Remove Accessories 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Put seat on workstation A3 B6 G3 A3 B0 P1 A0 160 5.76 
 
2 Remove side panel (3 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 540 19.44 
 
3 Place panel in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
7 Remove reclining lever (2 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 360 12.96 
 
8 Place lever in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
* 9 Remove buckle assembly A1 B0 G1 A1 B0 P3 L32 A1 B0 P1 A0 400 14.4 
 
10 Place buckle in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1880 67.68 
Sub Operation 2: Remove Head Rest Assembly 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Remove head rest from frame (pinch) A1 B0 G3 A1 B0 P1 A0 60 2.16 
 
2 Place upper metal frame into bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
2 Put plastic clips in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
3 Remove fabric from head rest with utility knife A1 B0 G1 A1 B0 P1 C10 A1 B0 P1 A0 160 5.76 
 
4 Pull fabric off head rest A1 B0 G1 M3 X0 I0 A0 50 1.8 
 
5 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
* 6 Pull foam off frame and place in bin A1 B0 G1 A1 B0 P3 C54 A3 B0 P3 A0 660 23.76 
 
7 Place metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1490 53.64 
Sub Operation 3: Remove Fabric From Seat 
 
  
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Remove fabric with utility knife A1 B0 G1 A1 B3 P1 C24 A1 330 11.88 
 
2 Pull fabric off seat A1 B0 G3 M3 X0 I0 A0 70 2.52 
 
3 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
4 Place foam in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
5 Pinch and remove head rest pins A1 B0 G1 M1 X0 I1 A1 100 3.6 
 
6 Place head rest pins in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 680 33.12 
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Sub Operation 4: Remove Fabric From Seat 
  Step Method Description Sequence Model TMUs Time (sec) 
 
4 Remove fabric with utility knife A1 B0 G1 A1 B0 P1 C16 A1 B0 P1 A0 220 7.92 
 
5 Pull fabric off seat (4 clips) A1 B0 G1 M3 X0 I0 A0 200 7.2 
 
6 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
7 Place foam in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
8 Place metal in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 840 30.24 
 
 
 
FINAL TOTAL 3 MIN 5 SEC 
 
 
    2001 Chrysler Intrepid: MOST Rear Bench Disassembly & Dismantling Times 
Sub Operation 1: Disassemble Top Portion of Bench Seat 
  
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Put top portion of seat on workstation A3 B6 G3 A3 B0 P1 A0 160 5.76 
 
2 Pry off cork board material on back of seat (4 times) A1 B0 G1 A1 B0 P0 F24 A1 BO P1 A1 300 10.8 
 
3 Remove staples around perimeter of seat A1 B0 G1 A1 B0 P0 F42 A1 BO P1 A1 480 17.28 
 
4 Pull off material from seat A1 B0 G1 M3 X0 I0 A0 50 1.8 
 
5 Put material in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
6 Put foam in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
7 Put metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1410 50.76 
Sub Operation 2: Disassemble Lower Portion of Bench Seat   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Put top portion of seat on workstation A3 B6 G3 A3 B0 P1 A0 160 5.76 
 
2 Remove staples around perimeter of seat A1 B0 G1 A1 B0 P0 F42 A1 BO P1 A1 480 17.28 
 
3 Pull off material from seat A1 B0 G1 M3 X0 I0 A0 50 1.8 
 
4 Put material in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
5 Put foam in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
6 Put metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1110 39.96 
   
FINAL TOTAL 1 MIN 31 SECS 
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Table 40 Detailed disassembly information for 2001 Dodge Caravan front driver and passenger bucket seats 
Number Sub-assembly Part Weight (g) Comments Total Weight 
1 Arm Rest 
Bolt 36 
 
 616 
Washer 1 
Plastic inlay of arm rest 261 
Plastic cover 199 
Arm rest foam 119 
2 Grip bar 256 
 
 
256 
3 Seat Reclining Lever 
Lever 28 
  30 
Screw  2 
4 Side Panel    (right) 
Plastic Panel 246  
 253 Screws * 3 6 
Plastic screw 1 
5 Side Panel (left) 
Plastic Panel 228  
 235 Screws * 3 6 
Plastic screw 1 
6 Head rest 
Metal Frame 460 * Foam was sprayed onto metal frame and also attached to material. 
Therefore numbers may be inaccurate 716 Foam/fabric 256 
7 Back Panel (right) 
Plastic Panel 38  
 
40 
Screw  2 
8 Back Panel (left) 
Plastic Panel 39 
41 
Screw  2 
9 Base 
Base 3600 
 
 
3732 
Nut & washer x 6 @ 22g ea 132 
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10 Connectors   (top to bottom) 
bolts x 2 74 
Connects the top of the seat foam to the bottom  78 
nut 4 
11 Bottom Seat 
Foam 600 
 
 
8581 
Material 1200 
Metal Bucket 800 
Right Slider with Buckle 2600 
Left Slider 3000 
Sliding pull bar 153 
Connecting bar 172 
Screw + Washer x 4 56 
12 *Top Seat 
Frame 4400  
 
6229 
Foam 1200 
Material 600 
Head Rest Peg 13 
Head Rest Peg Adjuster 16 
*Material was difficult to remove and required to be cut to remove. The seat material utilized Velcro.  Head rest pegs must be removed mid removal of material and required to be pinched and 
pushed up and released in order to fully remove the material. 
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Table 41 Detailed disassembly information for 2001 Dodge Caravan middle (left & right) bucket seats 
Number Sub-assembly Part Weight (g) Comments Total Weight 
1 Side Panel A (right) 
Screw 1 2  
 
100 Screw 2 2 
Panel 96 
2 Side Panel A (left) 
Screw 3 2 
104 Screw 4 2 
Panel 100 
3 Cup Holder Assembly Cup Holder 414 
 
 
414 
4 Side Panel B (right) 
Screw 1 2  
 
241.5 
Screw 2 2 
Screw 3 2 
Screw 4 2 
Screw 5 2 
Panel 232 
5 Side Panel B (left) 
Screw 1 2  
 
253 
Screw 2 2 
Screw 3 2 
Screw 4 2 
Panel 244 
6 Right Reclining  Bracket 
Bolt 1 36  
 
2277 
Bolt 2 36 
Bracket 2020 
Buckle Assembly 185 
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7 Left Reclining Bracket 
Bolt 1 36  
 1618 Bolt 2 36 
Bracket 1546 
8 Left-Right Connecting Cable Cable 23 23 
9 Right Arm Rest 
Bolt 1 36 
 
 
616 
Washer 1 
Bolt Cover 4 
Arm Rest 573 
10 Left Arm Rest 
Bolt 1 36 
611 
Washer 1 
Bolt Cover 4 
Arm Rest 568 
11 Back Cover 
Screw 1 2  
 
558 
Screw 2 2 
Screw 3 2 
Screw 4 2 
Cover 550 
12 Head rest 
Metal Frame 460 
 
 
716 
Foam/fabric 256 
13 Back Seat Assembly 
foam 1000  
 
5682 
material 600 
Head Rest Clip 13 
Back frame 4000 
Head Rest Clip Adjuster 16 
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Back Structure 40 
Back Structure Spring (x6) 13 
14 Bottom Seat Assembly 
foam 1200  
 
10648 
material 400 
Bottom Structure 125 
Bottom Structure Springs (x4) 32 
Bottom Structure Clips (x4) 6 
Cup Holder Bracket 677 
Cup Holder bolts (x2) 8 
Bottom Frame 8200 
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Table 42 Detailed disassembly information for 2001 Dodge Caravan rear bench seat 
Number Sub-assembly Part Weight (g) Comments Total Weight 
1 Side Panel A (right) 
Screw 1 2 
  
329 
Screw 2 2 
Panel 51 
2 Side Panel B (right) 
Screw 1 2 
  
Screw 2 2 
Panel 98 
3 Side Panel A (left) 
Screw 1 2 
  
Screw 2 2 
Panel 60 
4 Side Panel B (left) 
Screw 1 2 
  
Screw 2 2 
Panel 104 
5 Bolts connecting top of seat to bottom 
Bolt 1 54.5 
  
218 
Bolt 2 54.5 
Bolt 3 54.5 
Bolt 4 54.5 
6 Head Rest (right) 613 
  
613 
7 Head Rest (left) 613 613 
8 Backing to top of seat 
Plastic clip x 5 <1g 
 
3000 
Metal hook x 5 14 
Had to pry out using a hammer, clips unhooked and made of cardboard plywood, fabric, plastic and metal 
9 Back of bench seat 
Head rest clip adjuster 14 
 
 
13350 
Head rest clip adjuster 14 
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Head rest clip regular 11 
Head rest clip regular 11 
back frame 5800 
foam 5000 
material 2500 
10 
Left Seat Belt Assembly 
Bolt 42 
 
 463 Plastic cover 46 
Seat Belt 375 
11 
Right Seat Belt Assembly 
Bolt 42 
418 Plastic cover 46 
Seat Belt 330 
12 Left Connecting Bracket 
bolt 1 24  
 2248 Bolt 2 24 
Connector 2200 
13 Right Connecting Bracket 
Bolt 1 24 
1640 Bolt 2 24 
Connector 1592 
14 Base 
Base (Left Side) 7092 
 
 25773.0498 
Base (Right Side) 6892 
Nut x8 216 
connector (base to cushion) 
LEFT 2000 
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connector (base to cushion) 
RIGHT 2000 
frame bottom 4173.049804 
material 1000 
foam 2400 
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DISASSEMBLY OF FRONT BUCKET SEAT OF 2001 CARAVAN 
Sub Operation 1: Remove Accessories 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Put seat on its side on workstation A3 B6 G3 A3 B0 P3 A0 180 6.48 
 
2 Remove side panel (3 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 570 20.52 
 
3 Remove back grip bar (2 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 380 13.68 
 
4 Remove back panel, right (1 screw) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 190 6.84 
 
5 Remove back panel, left (1 screw) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 190 6.84 
 
6 Place panels in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
7 Turn seat on opposite side A1 B0 G3 A1 B0 P3 A1 90 3.24 
 
8 Remove side panel (3 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 570 20.52 
 
9 Remove reclining lever (2 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 380 13.68 
 
10 Place panels in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 2830 101.88 
Sub Operation 2: Removing connecting joints 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Remove connecting bracket with buckle (1 bolt) A1 B0 G1 A1 B3 P3 L54 A3 670 24.12 
 
2 Remove buckle assembly from bracket (1 bolt) A1 B0 G1 A1 B3 P3 L54 A3 670 24.12 
 
3 Place buckle in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
4 Place bracket in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
5 Rotate seat to other side A1 B0 G3 A1 B0 P3 A1 90 3.24 
 
6 Remove connecting bracket (1 bolt) A1 B0 G1 A1 B3 P3 L54 A3 670 24.12 
 
7 Place bracket in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 2520 90.72 
Sub Operation 3: Remove arm rest 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Put upper portion of seat on workstation A3 B6 G3 A3 B0 P1 A0 160 5.76 
 
2 Remove plastic screw cap A0 B0 G1 A1 B0 P3 F3 A1 B0 P1 A1 110 3.96 
 
3 Remove arm rest from seat (1 bolt) A1 B0 G1 A1 B3 P3 L42 A3 510 18.36 
* 4 Cut plastic cover off arm rest A0 B0 G1 A1 B0 P1 C10 A0 B0 P1 A1 150 5.4 
* 5 
Remove foam from arm rest frame (approx. 10 
pieces) A1 B0 G1 A1 B0 P1 C6 A3 B3 P3 A0 1900 68.4 
 
6 Place arm rest in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 2970 106.92 
Sub Operation 4: Remove Head Rest Assembly 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Remove head rest from frame (press and pull) A0 B0 G1 M6 X0 I0 A1 80 2.88 
 
2 Remove fabric from head rest with utility knife A1 B0 G1 A1 B0 P1 C10 A1 B0 P1 A0 160 5.76 
* 3 
Pull foam off head rest and place in bin (10 
pieces) A1 B0 G1 M3 X0 I0 A0 500 18 
 
4 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
5 Place metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1020 36.72 
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Sub Operation 5: Disassemble upper portion of seat 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Remove Velcro along side of seat A1 B0 G1 M3 X0 I0 A1 60 2.16 
 
2 Begin to remove fabric/foam from seat A1 B0 G3 M10  X0 I0 A1 150 5.4 
 
3 Pinch and remove head rest clips (x2) A1 B0 G1 M1 X0 I1 A1 100 3.6 
 
4 Place head rest pins in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
5 Finish removal of fabric/foam from seat A1 B0 G3 M10  X0 I0 A1 150 5.4 
* 6 Separate fabric from foam A1 B0 G3 M16 X0 I3 A1 240 8.64 
 
7 Place foam/fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
8 Place metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1120 40.32 
Sub Operation 6: Disassemble lower portion of seat 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Remove bottom base (6 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 1140 41.04 
  
Place base in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
2 Remove sliding bar (2 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 380 13.68 
 
3 Remove connecting bar (2 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 380 13.68 
  
Place bars in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
4 Place metal bucket seat in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
5 Separate fabric from foam A1 B0 G3 M16 X0 I3 A1 240 8.64 
 
6 Place fabric/foam in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 2700 97.2 
FINAL TOTAL 7 MIN 54 SEC 
      DISASSEMBLY OF MIDDLE BUCKET SEAT OF 2001 CARAVAN 
Sub Operation 1: Remove Accessories 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Put seat on its side on workstation A3 B6 G3 A3 B0 P3 A1 190 6.84 
 
2 Remove side panel A (2 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 380 13.68 
 
3 Remove cup holder by pressing clip A0 B0 G1 M6 X0 I0 A1 80 2.88 
 
4 Remove side panel B (5 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 950 34.2 
 
5 Place panels and cup holder in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
6 Turn seat on opposite side A1 B0 G3 A1 B0 P3 A1 90 3.24 
 
7 Remove side panel A (2 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 380 13.68 
 
8 Remove side panel B (5 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 950 34.2 
 
9 Remove plastic seat back cover (4 screws) A1 B0 G1 A1 B0 P3 L16 A1 B0 P1 A1 1160 41.76 
 
10 Place panels in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 4460 160.56 
Sub Operation 2: Removing connecting joints 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Remove right reclining bracket (2 bolts) A1 B0 G1 A1 B3 P3 L54 A3 1340 48.24 
 
2 Put reclining bracket in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
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3 Put buckle assembly in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
4 Remove left reclining bracket (2 bolts) A1 B0 G1 A1 B3 P3 L54 A3 1340 48.24 
 
5 Put reclining bracket in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
6 Remove left-right connecting cable A0 B0 G1 M3 X0 I0 A1 100 3.6 
 
7 Place cable in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 3340 120.24 
Sub Operation 3: Remove arm rests 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Put upper portion of seat on workstation A3 B6 G3 A3 B0 P1 A0 160 5.76 
 
2 Remove plastic screw cap A0 B0 G1 A1 B0 P3 F3 A1 B0 P1 A1 110 3.96 
 
3 Remove arm rest from seat (1 bolt) A1 B0 G1 A1 B3 P3 L42 A3 510 18.36 
* 4 Cut plastic cover off arm rest A0 B0 G1 A1 B0 P1 C10 A0 B0 P1 A1 150 5.4 
* 5 
Remove foam from arm rest frame (approx. 10 
pieces) A1 B0 G1 A1 B0 P1 C6 A3 B3 P3 A0 1900 68.4 
 
6 Place arm rest in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
7 Rotate seat A1 B0 G3 A1 B0 P3 A1 90 3.24 
 
8 Remove plastic screw cap A0 B0 G1 A1 B0 P3 F3 A1 B0 P1 A1 110 3.96 
 
9 Remove arm rest from seat (1 bolt) A1 B0 G1 A1 B3 P3 L42 A3 510 18.36 
 
10 Cut plastic cover off arm rest A0 B0 G1 A1 B0 P1 C10 A0 B0 P1 A1 150 5.4 
 
11 
Remove foam from arm rest frame (approx. 10 
pieces) A1 B0 G1 A1 Bo P1 C6 A3 B3 P3 A0 1900 68.4 
 
12 Place arm rest in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 5870 211.32 
Sub Operation 4: Remove Head Rest Assembly 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Remove head rest from frame (press and pull) A0 B0 G1 M6 X0 I0 A1 80 2.88 
 
2 Remove fabric from head rest with utility knife A1 B0 G1 A1 B0 P1 C10 A1 B0 P1 A0 160 5.76 
* 3 
Pull foam off head rest and place in bin (10 
pieces) A1 B0 G1 M3 X0 I0 A0 500 18 
 
4 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
5 Place metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1020 36.72 
Sub Operation 5: Disassemble upper portion of seat 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Remove Velcro along side of seat A1 B0 G1 M3 X0 I0 A1 60 2.16 
 
2 Begin to remove fabric/foam from seat A1 B0 G3 M10  X0 I0 A1 150 5.4 
 
3 Pinch and remove head rest clips (x2) A1 B0 G1 M1 X0 I1 A1 100 3.6 
 
4 Place head rest pins in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
5 Finish removal of fabric/foam from seat A1 B0 G3 M10  X0 I0 A1 150 5.4 
* 6 Separate fabric from foam A1 B0 G3 M16 X0 I3 A1 240 8.64 
 
7 Place foam/fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
8 Place metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1120 40.32 
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Sub Operation 6: Disassemble lower portion of seat 
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Remove Velcro along side of seat A1 B0 G1 M3 X0 I0 A1 60 2.16 
 
2 Remove fabric/foam from seat A1 B0 G3 M10  X0 I0 A1 150 5.4 
* 3 Separate fabric from foam A1 B0 G3 M16 X0 I3 A1 240 8.64 
 
4 Stretch out springs holding structure (x4) A1 B0 G1 M1 X0 I1 A1 200 7.2 
 
5 Remove clips holding structure (x4) A1 B0 G1 M1 X0 I1 A1 200 7.2 
 
6 Remove cup hold bracket (2 bolts) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 380 13.68 
 
7 Place foam/fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
8 Place metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1510 54.36 
FINAL TOTAL 10 MIN 24 SEC 
      DISASSEMBLY OF REAR BENCH SEAT OF 2001 CARAVAN 
Sub Operation 1: Remove Accessories 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Put seat on its side on workstation A3 B6 G3 A3 B0 P3 A1 190 6.84 
 
2 Remove side panel A (2 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 380 13.68 
 
3 Remove side panel B (2 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 380 13.68 
 
4 Place panels in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
5 Turn seat on opposite side A1 B0 G3 A1 B0 P3 A1 90 3.24 
 
6 Remove side panel A (2 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 380 13.68 
 
7 Remove side panel B (2 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 380 13.68 
 
8 Place panels in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 2080 74.88 
Sub Operation 2: Removing connecting joints 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 
Remove right side bolts connecting top seat (2 
bolts) A1 B0 G1 A1 B3 P3 L54 A3 1340 48.24 
 
3 
Remove left side bolts connecting top seat (2 
bolts) A1 B0 G1 A1 B3 P3 L54 A3 1340 48.24 
 
2 Put bolts in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
4 Place bottom portion of side aside A3 B6 G3 A3 B0 P1 A0 160 5.76 
TOTAL: 2980 107.28 
Sub Operation 3: Remove Head Rests  
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 
Remove head rest (right) from frame (press and 
pull) A0 B0 G1 M6 X0 I0 A1 80 2.88 
 
2 Remove fabric from head rest with utility knife A1 B0 G1 A1 B0 P1 C10 A1 B0 P1 A0 160 5.76 
* 3 
Pull foam off head rest and place in bin (10 
pieces) A1 B0 G1 M3 X0 I0 A0 500 18 
 
4 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
5 Place metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
6 
Remove head rest (left) from frame (press and 
pull) A0 B0 G1 M6 X0 I0 A1 80 2.88 
 
7 Remove fabric from head rest with utility knife A1 B0 G1 A1 B0 P1 C10 A1 B0 P1 A0 160 5.76 
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* 8 
Pull foam off head rest and place in bin (10 
pieces) A1 B0 G1 M3 X0 I0 A0 500 18 
 
9 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
10 Place metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 2040 73.44 
Sub Operation 4: Disassemble upper portion of seat 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Pry off cork board material on back of seat A1 B0 G1 A1 B0 P0 F24 A1 BO P1 A1 300 10.8 
 
2 Place cork board in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
* 3 Pull material snapping mechanism off (x2) A1 B0 G3 M3 X0 I3 A1 220 7.92 
 
4 Cut plastic around hooks on frame (x10) A1 B0 G1 A1 BO P1 C6 A1 B0 P0 A1 1200 43.2 
 
5 Pinch and remove head rest clips (x4) A1 B0 G1 M1 X0 I1 A1 200 7.2 
 
6 Place head rest clips in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
7 Finish removal of fabric/foam from seat A1 B0 G3 M10  X0 I0 A1 150 5.4 
* 8 Separate fabric from foam A1 B0 G3 M16 X0 I3 A1 480 17.28 
 
9 Place foam/fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
10 Place metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 3110 111.96 
Sub Operation 5: Disassemble lower portion of seat 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Place lower portion of seat on workstation A6 B3 G3 A1 B0 P1 A1 150 5.4 
 
2 Remove seat buckles (x2) A1 B0 G1 A1 B3 P3 L54 A3 1340 48.24 
 
3 Place seat buckles in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
4 
Remove left connecting bracket (x2 additional 
bolts) A1 B0 G1 A1 B3 P3 L54 A3 1340 48.24 
 
5 Place bracket in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
6 
Remove right connecting bracket (x2 additional 
bolts) A3 B0 G1 A1 B3 P3 L54 A3 1380 49.68 
 
7 Place bracket in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
8 Remove right base (4 screws) A1 B0 G1 A1 B3 P3 L32 A3 B0 P1 A1 1840 66.24 
 
9 Remove left base (4 screws) A1 B0 G1 A1 B3 P3 L32 A3 B0 P1 A1 1840 66.24 
 
10 Place bases in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
11 Remove right connector (base to seat) left A1 B0 G1 A1 B3 P3 L32 A3 B0 P1 A1 1840 66.24 
 
12 Remove right connector (base to seat) right A1 B0 G1 A1 B3 P3 L32 A3 B0 P1 A1 1840 66.24 
 
13 Place connectors in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
14 Separate fabric from foam A1 B0 G3 M16 X0 I3 A1 480 17.28 
 
15 Place foam/fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
16 Place metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 13030 469.08 
FINAL TOTAL 13 MIN 57 SEC 
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DISMANTLING OF FRONT BUCKET SEATS OF 2001 CARAVAN 
Sub Operation 1: Remove Accessories 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Put seat on its side on workstation A3 B6 G3 A3 B0 P3 A0 180 6.48 
 
2 Remove side panel (3 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 570 20.52 
 
3 Remove back grip bar (2 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 380 13.68 
 
4 Remove back panel, right (1 screw) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 190 6.84 
 
5 Remove back panel, left (1 screw) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 190 6.84 
 
6 Place panels in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
7 Turn seat on opposite side A1 B0 G3 A1 B0 P3 A1 90 3.24 
 
8 Remove side panel (3 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 570 20.52 
 
9 Remove reclining lever (2 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 380 13.68 
 
10 Place panels in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 2830 101.88 
Sub Operation 2: Remove arm rest 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Put upper portion of seat on workstation A3 B6 G3 A3 B0 P1 A0 160 5.76 
 
2 Remove plastic screw cap A0 B0 G1 A1 B0 P3 F3 A1 B0 P1 A1 110 3.96 
 
3 Remove arm rest from seat (1 bolt) A1 B0 G1 A1 B3 P3 L42 A3 510 18.36 
 
4 Place arm rest in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 920 33.12 
Sub Operation 3: Remove Head Rest Assembly 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Remove head rest from frame (press and pull) A0 B0 G1 M6 X0 I0 A1 80 2.88 
 
2 Remove fabric from head rest with utility knife A1 B0 G1 A1 B0 P1 C10 A1 B0 P1 A0 160 5.76 
* 3 
Pull foam off head rest and place in bin (10 
pieces) A1 B0 G1 M3 X0 I0 A0 500 18 
 
4 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
5 Place metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1020 36.72 
Sub Operation 4: Disassemble upper portion of seat 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Remove Velcro along side of seat A1 B0 G1 M3 X0 I0 A1 60 2.16 
 
2 Begin to remove fabric/foam from seat A1 B0 G3 M10  X0 I0 A1 150 5.4 
 
3 Pinch and remove head rest clips (x2) A1 B0 G1 M1 X0 I1 A1 100 3.6 
 
4 Place head rest pins in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
5 Finish removal of fabric/foam from seat A1 B0 G3 M10  X0 I0 A1 150 5.4 
 
6 Place foam/fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
7 Place metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 880 31.68 
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Sub Operation 5: Disassemble lower portion of seat 
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Remove fabric/foam off frame with utility knife A1 B0 G1 A1 B0 P1 C16 A1 B0 P1 A0 220 7.92 
 
2 Place fabric/foam in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 360 12.96 
FINAL TOTAL 3 MIN 36 SEC 
      DISMANTLING OF MIDDLE BUCKET SEATS OF 2001 CARAVAN 
Sub Operation 1: Remove Accessories 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Put seat on its side on workstation A3 B6 G3 A3 B0 P3 A1 190 6.84 
 
2 Remove side panel A (2 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 380 13.68 
 
3 Remove cup holder by pressing clip A0 B0 G1 M6 X0 I0 A1 80 2.88 
 
4 Remove side panel B (5 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 950 34.2 
 
5 Place panels and cup holder in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
6 Turn seat on opposite side A1 B0 G3 A1 B0 P3 A1 90 3.24 
 
7 Remove side panel A (2 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 380 13.68 
 
8 Remove side panel B (5 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 950 34.2 
 
9 Remove plastic seat back cover (4 screws) A1 B0 G1 A1 B0 P3 L16 A1 B0 P1 A1 1160 41.76 
 
10 Place panels in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 4460 160.56 
Sub Operation 2: Remove arm rests 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Put upper portion of seat on workstation A3 B6 G3 A3 B0 P1 A0 160 5.76 
 
2 Remove plastic screw cap A0 B0 G1 A1 B0 P3 F3 A1 B0 P1 A1 110 3.96 
 
3 Remove arm rest from seat (1 bolt) A1 B0 G1 A1 B3 P3 L42 A3 510 18.36 
 
4 Place arm rest in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
5 Rotate seat A1 B0 G3 A1 B0 P3 A1 90 3.24 
 
6 Remove plastic screw cap A0 B0 G1 A1 B0 P3 F3 A1 B0 P1 A1 110 3.96 
 
7 Remove arm rest from seat (1 bolt) A1 B0 G1 A1 B3 P3 L42 A3 510 18.36 
 
8 Place arm rest in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1770 63.72 
Sub Operation 3: Remove Head Rest Assembly 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Remove head rest from frame (press and pull) A0 B0 G1 M6 X0 I0 A1 80 2.88 
 
2 Remove fabric from head rest with utility knife A1 B0 G1 A1 B0 P1 C10 A1 B0 P1 A0 160 5.76 
* 3 
Pull foam off head rest and place in bin (10 
pieces) A1 B0 G1 M3 X0 I0 A0 500 18 
 
4 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
5 Place metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1020 36.72 
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Sub Operation 4: Disassemble upper portion of seat 
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Remove Velcro along side of seat A1 B0 G1 M3 X0 I0 A1 60 2.16 
 
2 Begin to remove fabric/foam from seat A1 B0 G3 M10  X0 I0 A1 150 5.4 
 
3 Pinch and remove head rest clips (x2) A1 B0 G1 M1 X0 I1 A1 100 3.6 
 
4 Place head rest pins in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
5 Finish removal of fabric/foam from seat A1 B0 G3 M10  X0 I0 A1 150 5.4 
 
6 Place foam/fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
7 Place metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 880 31.68 
Sub Operation 5: Disassemble lower portion of seat 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Remove Velcro along side of seat A1 B0 G1 M3 X0 I0 A1 60 2.16 
 
2 Remove fabric/foam from seat A1 B0 G3 M10  X0 I0 A1 150 5.4 
 
3 Place foam/fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
4 Place metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 490 17.64 
FINAL TOTAL 5 MIN 10 SEC 
      DISMANTLING OF REAR BENCH SEAT OF 2001 CARAVAN 
Sub Operation 1: Remove Accessories 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Put seat on its side on workstation A3 B6 G3 A3 B0 P3 A1 190 6.84 
 
2 Remove side panel A (2 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 380 13.68 
 
3 Remove side panel B (2 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 380 13.68 
 
4 Place panels in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
5 Turn seat on opposite side A1 B0 G3 A1 B0 P3 A1 90 3.24 
 
6 Remove side panel A (2 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 380 13.68 
 
7 Remove side panel B (2 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A1 380 13.68 
 
8 Place panels in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 2080 74.88 
Sub Operation 2: Remove Head Rests  
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 
Remove head rest (right) from frame (press and 
pull) A0 B0 G1 M6 X0 I0 A1 80 2.88 
 
2 Remove fabric from head rest with utility knife A1 B0 G1 A1 B0 P1 C10 A1 B0 P1 A0 160 5.76 
* 3 
Pull foam off head rest and place in bin (10 
pieces) A1 B0 G1 M3 X0 I0 A0 500 18 
 
4 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
5 Place metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
6 
Remove head rest (left) from frame (press and 
pull) A0 B0 G1 M6 X0 I0 A1 80 2.88 
 
7 Remove fabric from head rest with utility knife A1 B0 G1 A1 B0 P1 C10 A1 B0 P1 A0 160 5.76 
* 8 
Pull foam off head rest and place in bin (10 
pieces) A1 B0 G1 M3 X0 I0 A0 500 18 
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9 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
10 Place metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 2040 73.44 
Sub Operation 3: Disassemble upper portion of seat 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Pry off cork board material on back of seat A1 B0 G1 A1 B0 P0 F24 A1 BO P1 A1 300 10.8 
 
2 Place cork board in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
* 3 Pull material snapping mechanism off (x2) A1 B0 G3 M3 X0 I3 A1 220 7.92 
 
4 Cut plastic around hooks on frame (x10) A1 B0 G1 A1 BO P1 C6 A1 B0 P0 A1 1200 43.2 
 
5 Pinch and remove head rest clips (x4) A1 B0 G1 M1 X0 I1 A1 200 7.2 
 
6 Place head rest clips in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
7 Finish removal of fabric/foam from seat A1 B0 G3 M10  X0 I0 A1 150 5.4 
 
9 Place foam/fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
10 Place metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 2630 94.68 
Sub Operation 4: Disassemble lower portion of seat 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Remove seat buckles (x2) A1 B0 G1 A1 B3 P3 L54 A3 1340 48.24 
 
2 Place seat buckles in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
3 Remove fabric/foam off frame with utility knife A1 B0 G1 A1 B0 P1 C16 A1 B0 P1 A0 220 7.92 
 
4 Place foam/fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
5 Place metal frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1980 71.28 
FINAL TOTAL 5 MIN 14 SEC 
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Case Study Disassembly MOST Time 
Sub Operation 1: Remove Accessories 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Put seat on workstation A3 B6 G3 A3 B0 P1 A0 160 5.76 
 
2 Remove side panel (4 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 720 25.92 
 
3 Place panel in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
4 Rotate seat on workstation A1 B0 G3 A1 B0 P3 A0 80 2.88 
 
5 Remove side panel + LEVER (4 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 720 25.92 
 
6 Place panel in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1960 70.56 
Sub Operation 2: Remove arm rests 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Remove plastic screw cap A0 B0 G1 A1 B0 P3 F3 A1 B0 P1 A1 110 3.96 
* 2 Remove arm rest from seat (1 bolt) A1 B0 G1 A1 B3 P3 L42 A3 510 18.36 
* 3 Cut plastic cover off arm rest A0 B0 G1 A1 B0 P1 C10 A0 B0 P1 A1 150 5.4 
* 4 
Remove foam from arm rest frame (approx. 10 
pieces) A1 B0 G1 A1 B0 P1 C6 A3 B3 P3 A0 1900 68.4 
 
5 Place arm rest in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 2810 101.16 
Sub Operation 3: Remove Fabric From Upper Portion of Seat 
  
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Remove fabric with utility knife A1 B0 G1 A1 B3 P1 C24 A1 330 11.88 
 
2 Pull fabric/foam off seat A1 B0 G3 M3 X0 I0 A0 70 2.52 
* 3 Separate fabric from foam A1 B0 G3 M16 X0 I3 A1 240 8.64 
 
4 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
5 Place foam in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 920 33.12 
Sub Operation 4: Removing Upper Frame 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Remove right reclining bracket (1 bolts) A1 B0 G1 A1 B3 P3 L54 A3 670 24.12 
 
2 Put buckle assembly in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
3 Remove left reclining bracket (1 bolts) A1 B0 G1 A1 B3 P3 L54 A3 670 24.12 
 
4 Stretch out springs holding structure (x6) A1 B0 G1 M1 X0 I1 A1 300 10.8 
 
5 Place springs and support wire in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
6 Place upper frame in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 2060 74.16 
Sub Operation 5: Bottom Portion of Seat 
   
  Step Method Description Sequence Model TMUs Time (sec) 
 
1 Pull fabric off seat (6 clips) A1 B0 G1 M3 X0 I0 A0 300 10.8 
 
2 Pull fabric/foam off seat A1 B0 G3 M3 X0 I0 A0 70 2.52 
 
3 Separate fabric from foam A1 B0 G3 M16 X0 I3 A1 240 8.64 
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4 Place fabric in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
5 Place foam in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
6 Separate base from tracking sys. (x4 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 1440 51.84 
 
7 Place base and tracking system in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 2170 78.12 
      
   
FINAL TOTAL: 5 MIN 57 SEC 
Case Study Dismantling MOST Time 
Sub Operation 1: Remove Accessories 
   
  Step Method Description Sequence Model TMUs 
Time 
(sec) 
 
1 Put seat on workstation A3 B6 G3 A3 B0 P1 A0 160 5.76 
 
2 Remove side panel (4 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 720 25.92 
 
3 Place panel in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
4 Rotate seat on workstation A1 B0 G3 A1 B0 P3 A0 80 2.88 
 
5 Remove side panel + LEVER (4 screws) A1 B0 G1 A1 B0 P3 L10 A1 B0 P1 A0 720 25.92 
 
6 Place panel in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1960 70.56 
Sub Operation 2: Remove arm rests 
   
  Step Method Description Sequence Model TMUs 
Time 
(sec) 
 
1 Remove plastic screw cap A0 B0 G1 A1 B0 P3 F3 A1 B0 P1 A1 110 3.96 
* 2 Remove arm rest from seat (1 bolt) A1 B0 G1 A1 B3 P3 L42 A3 510 18.36 
 
3 Place arm rest in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 760 27.36 
Sub Operation 3: Remove Fabric From Upper Portion of Seat 
  
  Step Method Description Sequence Model TMUs 
Time 
(sec) 
 
1 Remove fabric with utility knife (x3) A1 B0 G1 A1 B3 P1 C24 A1 990 35.64 
 
2 Pull fabric/foam off seat A1 B0 G3 M3 X0 I0 A0 70 2.52 
 
3 Place fabric/foam in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
TOTAL: 1200 43.2 
Sub Operation 5: Bottom Portion of Seat 
   
  Step Method Description Sequence Model TMUs 
Time 
(sec) 
 
1 Remove fabric with utility knife (x3) A1 B0 G1 A1 B3 P1 C24 A1 990 35.64 
 
2 Pull fabric off seat (6 clips) A1 B0 G1 M3 X0 I0 A0 300 2.52 
 
3 Pull fabric/foam off seat A1 B0 G3 M3 X0 I0 A0 70 5.04 
 
4 Place fabric/foam in bin A1 B0 G1 A3 B3 P3 A3 140 5.04 
 
5 Place frame in bin A1 B0 G1 A3 B3 P3 A3 140 12.6 
TOTAL: 350 60.84 
   
FINAL TOTAL: 2 MIN 34 SEC 
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